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List of abbreviation 
 
1-SORA   selective OX1R antagonist 
2-SORA   selective OX2R antagonist 
Ac   acetyl 
ACE   α-chloroethoxycarbonyl 
aq.   aqueous 
BBB   blood-brain barrier 
Bn   benzyl 
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Bz   benzoyl 
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Et   ethyl 
HR-MS   high resolution mass spectrometry 
IR   infrared 
KOR   κ opioid receptor 
m-CPBA   m-chloroperbenzoic acid 
Me   methyl 
MS   mass spectrometry 
N.D.   not detected 
NMR   nuclear magnetic resonance 
OX1R   orexin 1 receptor 
OX2R   orexin 2 receptor 
OXA   orexin-A 
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ppm   part per million 
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rt   room temperature 
TCE   1,1,2,2-tetrachloroethane 
THF   tetrahydrofuran 
TLC   thin layer chromatography 
Troc   2,2,2-trichloroethoxycarbonyl 
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Chapter 1. Introduction 
 
1-1. Orexin and the orexin receptor 
 
Orexin-A (OXA, hypocretin-1) and orexin-B (OXB, hypocretin-2) are lateral hypothalamic neuropeptides that 
were isolated as endogenous agonists of two closely related orphan G protein-coupled receptors (GPCRs).1,2 
The origin of “orexin” comes from the Greek word “orexis”, meaning “appetite”. Correspondingly, the 




Figure 1. Orexin A and B and their receptors 
 
Though orexins were first reported as mediators in the central regulation of the feeding behavior, their vital 
roles in the regulation of sleep and wakefulness were suggested by subsequent genetic investigations involving 
OX2R-deficient dogs3 and prepro-orexin knockout mice,4 which exhibited similar symptoms to human 
narcolepsy/cataplexy. The fact that the OX2R single-knockout and OX1R/OX2R double knockout mice 
displayed a narcoleptic phenotype, but the OX1R knockout mice did not, suggests that the OX2R signaling 
mainly regulates the stabilization of the sleep/wake state transitions. Whereas the OX1R/OX2R double 
knockout mice exhibit a similar severe narcoleptic symptom to the prepro-orexin knockout mice, the OX2R 
knockout mice exhibit rather mild phenotype, suggesting that OX1R may also contribute to the sleep/wake 
cycle. 
Orexins have been also involved in the regulation of a wide range of behaviors other than sleep/wake, e.g., 
hedonic, emotional behaviors, and reward seeking.5,6a,b Many reports regarding the role of orexin neurons in 
the drug dependence to morphine,7a,8 cocaine,7b,c amphetamine,9a,b heroin,10 nicotine,11a-d ethanol,12a-g and 
cannabinoids13 suggest that the OX1R signaling plays an important role in the reward system (Fig. 2).  
 
 
Figure 2. Key roles of OX2R and OX1R  
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1-2. Orexin receptor antagonists 
 
The establishment of a concrete relationship between the orexin system and insomnia encouraged researchers 
to develop orexin receptor antagonists as sleep-promoting agents. Various OX2R antagonists, including 
selective OX2R antagonists (2-SORAs, e.g. MK-3697) and dual OX1R/OX2R antagonists (DORAs) have been 
reported and entered clinical trials (Fig. 3).14a-c Among them, two DORAs, suvorexant15 and lemborexant,16a,b 
have been approved in Japan and United States for the treatment of adult insomnia in 2017 and 2019, 
respectively. In contrast to the significant progress in the discovery of agents targeting OX2R, the research into 
OX1R antagonists (1-SORAs) is considerably less extensive. As OX1R contributes to the regulation of 
emotional behavior and reward system, 1-SORAs have been expected to act as novel therapeutic drugs for the 
treatment of depression, anxiety, and drug addiction. The key challenge in the development of 1-SORA is the 
selectivity for OX1R over OX2R (OX2R/OX1R ratio). OX2R antagonism leads to a reduction in wakefulness, 
which makes the clinical use of such agents in the treatment of psychiatric disorders problematic. The first-
reported 1-SORA was SB-334867, which was shown to moderate the selectivity for OX1R over OX2R 
(OX2R/OX1R ratio = 50).17 Most of the early biological research utilized SB-334867 to investigate the function 
of OX1R.18 Subsequently, ACT-335827 (OX2R/OX1R ratio = 70) was reported as an orally available and blood-
brain barrier (BBB)-penetrant 1-SORA.19 Recently, the 4,4-difluoropiperidine derivative 1-1 (OX2R/OX1R 
ratio = 401)20 and the pyrazolyl-ethylbenzamide derivative 1-2 (OX2R/OX1R ratio = 266)21 were independently 
reported as 1-SORAs with improved selectivity. Nonetheless, these highly selective antagonists still exhibit 
moderate OX2R antagonistic activity in the range of submicron molar.  
 
 
Figure 3. Orexin receptor antagonists  
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1-3. Orexin 1 receptor antagonists with a morphinan skeleton 
 
Recently, the biological relevance between excitatory orexin and inhibitory κ opioid systems has been reported. 
The co-expression of orexin and dynorphin (an endogenous κ opioid receptor agonist) in the orexin neuron22 
as well as the heterodimerization23 of the OX1R and κ opioid receptor (KOR) have been studied. Nagase and 
co-workers designed and synthesized a new, highly selective OX1R antagonists based on the structure of the 
KOR ligands in the course of the extensive research in the opioid field.24a-f They conducted screening of the 
original opioid chemical library against OXRs. As a result, only the KOR selective agonist nalfurafine, which 
was launched in Japan as an antipruritic agent for kidney dialysis patients in 2009, showed moderate OX1R 
antagonistic activity (Fig. 4).25 Intriguingly, other opioid ligands, including a KOR agonist U-50488H and a 
KOR antagonist nor-BNI, did not show activity against OX1R.  
 
 
Figure 4. The structures of nalfurafine, U-50488H, and nor-BNI 
 
Subsequently, Nagase and coworkers attempted to optimize the antagonistic activity of nalfurafine for OX1R. 
The optimization was focused on the elimination of the affinity for opioid receptors and the enhancement of 
the OX1R antagonistic activity, which led to the discovery of a potent 1-SORA YNT-707 (Ki  =  8.14 nM for 
OX1R, no affinity toward opioid receptors) and its water-soluble derivative YNT-1310·2H2SO4 (Ki = 1.36 nM 
for OX1R, no affinity toward opioid receptors) (Fig. 5). Notably, most of the 4,5-epoxymorphinan derivatives 
did not show antagonistic activity against OX2R in contrast to other known ligands. So far, YNT-707 and its 
derivatives are the only OX1R-specific antagonists. 
 
 
Figure 5. Optimization of the antagonistic activity of nalfurafine for OX1R  
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1-4. Essential structure of YNT-707 
 
The morphinan-type OX1R antagonists represented by YNT-707 commonly possess a 4,5-epoxymorphinan 
skeleton containing a highly condensed ABCDE-pentacyclic system, an aromatic sulfonamide group at the 17-
nitrogen atom, and an acrylamide group bearing a heteroaromatic ring at the 6-carbon position (Fig. 6). As 
YNT-707 was the first OX1R antagonist with a morphinan skeleton, Nagase and co-workers investigated the 




Figure 6. 4,5-Epoxy morphinan skeleton 
 
In their first report, the group described the effects of the 3-methoxy group, the 4,5-epoxy ring (E-ring), and 
the 14-hydroxy moiety, as well as the orientation of the 6-amide side chain on the activity of YNT-707 (Fig. 
7).26 The substitution of the 3-methoxy functionality by a benzyloxy group (1-3) and hydrogen (1-4) caused a 
significant decrease in the antagonistic activity compared to YNT-707. Moreover, despite the fact that the E-
ring-removed derivative possessing a 6β-amide side chain showed ca. 4 times weaker activity than YNT-707 
with the same 6β-side chain (1-5), the E-ring-removed derivative containing a 6α-amide side chain exhibited 
similar OX1R antagonistic activity to YNT-707, along with a moderate OX2R antagonistic activity (1-6). These 
data suggest that the 3-methoxy moiety plays an essential role as a pharmacophore structure and the E-ring 
contributes to the correct orientation of the 6-amide group for forming an active conformation and binding 
with OX1R. This would be due to the electron repulsion between the lone pair of electrons on the 4,5-epoxy 
oxygen atom and the carbonyl group. 
 
 




The subsequent publication by the same group primarily described the role of the 14-hydroxy functionality in 
the orientation of the 17-sulfonamide group in the YNT-707 derivatives (Fig. 8).27 Intriguingly, the 14-H 
derivative (1-7) without the 14-hydroxy group showed ca. 4 times more potent antagonistic activity than YNT-
707 with this moiety. The conformational analysis suggested that the 17-sulfonamide of the 14-H derivative 
easily adopted a similar orientation to the docking mode of YNT-1310, resulting in a more potent antagonistic 
activity than that of YNT-707. This outcome indicated that the steric hindrance between the 14-hydroxy group 
and the 17-sulfonamide group led the orientation of the 17-sulfonamide group toward the lower side of the D-
ring (not binding conformation); thus, resulting in the lower affinities of the 14-hydroxy derivatives.  
 
 
Figure 8. The role of the 14-hydroxy group 
 
Nagase and co-workers also described the influence of the 3-methoxy group and the aromaticity of the A-ring 
in the YNT-707 derivatives lacking the E-ring on the activity and selectivity for OX1R (Fig. 9).28 Although 
analogously to the previous report, the removal of the 3-methoxy group of the E-ring-removed derivative 
possessing a 6β-side chain decreased the antagonistic activity (1-8, ca. 15-fold), the 3-methoxy and E-ring-
removed derivative with a 6α-side chain (1-9) showed almost same the dual antagonistic activity as 1-6. 
Interestingly, the A-ring (anisole unit)-hydrogenated derivative displayed no activity, suggesting that in the 
case of the 6β-derivatives, the A-ring with the 3-methoxy group is an important pharmacophore structure. 
 
 




1-5. The composition of the thesis 
 
Previous studies regarding the essential structure of YNT-707 have mainly discussed the role and configuration 
of the side chains and their effects on the selective OX1R antagonistic activity. However, to date, the influence 
of the morphinan skeleton on the activity and selectivity for OX1R has not been investigated thoroughly. The 
conversion of the morphinan skeleton require the use of a costly starting material (naltrexone·HCl, ¥113,700/g 
from Sigma-Aldrich) and skilled laboratory techniques (Fig. 10). Therefore, the structural transformation of 
the morphinan skeleton to a new scaffold was deemed important for further drug discovery in the area of OX1R 
antagonists. In the current thesis, a novel structure-activity relationship study was carried out to obtain a 
structural insight into the significance of the morphinan skeleton for designing a new simple scaffold. 
 
 
Figure 10. Synthesis of YNT-707 from naltrexone·HCl 
 
Chapter 2 describes the design and synthesis of the YNT-707 derivatives without the D- and E-rings to clarify 
the role of these moieties in the morphinan skeleton (Fig. 11).29 Moreover, the effects of the 14-hydroxy group 
as well as the configuration of the 6-amide side chain in these analogs were also investigated with a view to 
obtaining a less complex structure. 
 
 
Figure 11. Removal of the D- and E-rings in YNT-707 
 
Although the synthesized simpler derivatives displayed moderate selective OX1R antagonistic activity (chapter 
2), the potencies of these analogs were not sufficient for further pharmacological investigation or the design 
of alternative scaffolds. Thus, to improve the activities, chapter 3 describes the investigation of the substituent 
effects on the 17-nitrogen group in the less complex analogs (Fig. 12).30  
 
 
Figure 12. Optimization of the 17-amino group based on the D-ring-removed derivatives  
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Chapter 2. Role of the D- and E-ring in YNT-707 for OX1R antagonistic activity 
 
2-1. Design of the D- and E-ring-removed derivatives of YNT-707 
 
During the course of the study of the essential structure of YNT-707, the 17-benzenesulfonyl (Bs) group and 
the 6-amide side chain were identified as important pharmacophore units to bind with the receptor. The 
conformations of these two substituents are appropriately regulated by the rigid 4,5-epoxymorphinan skeleton 
(Fig. 13). As described in chapter 1, previous research has demonstrated that the E-ring removal would induce 
a disfavored conformation of the 6-amide side chain due to the electron repulsion of the lone pair of electrons 
on the 4,5-epoxy oxygen atom, resulting in a weaker activity (A-1).26 However, the role of the other rings, 
particularly that of the D-ring, which might contribute to the formation of a rigid scaffold for the 17-substituent, 
has not been described. Hence, to evaluate the effects of the D-ring and the E-ring in YNT-707 on the OX1R 
antagonistic activity, the D-ring-removed derivative B and both D- and E-rings-removed derivative C were 
designed. In addition, analogs without the 14-hydroxyl moiety were also designed. 
 
 
Figure 13. Design of the D- and E-ring-removed derivatives of YNT-707 
 
2-2. Synthesis of the D-ring-removed derivatives and their pharmacological activities 
 
The D-ring opening of the 4,5-epoxymorphinan skeleton was commenced using naltrexone·HCl as the starting 
material, according to the previous report by Nagase and co-workers (Scheme 1).31 The methylation of the 3-
phenolic hydroxy group, followed by acetal protection of the 6-ketone gave 1 in a high yield of 87%. 
Subsequently, the nucleophilic ring-opening reaction of the D-ring was carried out by the treatment of 1 with 
1-chloroethyl chloroformate (ACE-Cl) to afford 2 in 70% yield.32 Intermediate 2 was converted to the vinyl 
derivative 4 through a halogen exchange reaction using NaI, followed by an E2 elimination reaction. The 
ozonolysis of the vinyl group in 4, followed by the Pinnick oxidation reaction of the resulting aldehyde gave 
carboxylic acid 6 in 81% yield. Finally, the simultaneous elimination of the two carbon dioxide units (the 





Scheme 1. Removal of the D-ring 
 
The key intermediate 7 for the synthesis of the ring-removed derivatives B–C was in hand. Thus, subsequently, 
the focus was turned to the synthesis of the D-ring removed derivative B. Following the protection of the 17-
amine in 7 with CbzCl, the 14-hydroxy group was introduced by a tandem reaction sequence combining 
epoxidation and eliminative ring-opening. The subsequent hydrogenation and deprotection of the acetal moiety 
with HCl afforded 9 in 81% yield (Scheme 2). The protection of the 17-amine group by a Boc group using 
Et3N as the base gave the cyclic carbamate 11 as the main product, along with the desired 17-N-Boc derivative 
10 (Table 1, Entry 1). By contrast, the reaction using the aqueous NaHCO3 solution as the base selectively 
afforded compound 10 (entry 2). 
 
 
Scheme 2. Introduction of the 14-hydroxy group 
 




The reductive amination of ketone 10 with a combination of MeNH2·HCl and NaBH3CN afforded an 
inseparable mixture of amines 12 and 12’, which was used in the subsequent step without further purification 
(Scheme 3). The acylation of 12 and 12’ with (E)-3-(furan-3-yl)acryloyl chloride in the presence of Et3N gave 
the corresponding amides 13 and 13’ in 42% and 15% yield, respectively. The plausible mechanism of the 
stereo-selective reductive amination reaction (α:β = ca. 1:3) was shown in Fig. 14. The iminium intermediate 
was more stable in the boat conformation (I) than in the chair conformation (II) because of the steric repulsion 
between the iminium ion and the E-ring. Furthermore, the iminium ion in the boat form is stabilized by the 
participation of the 14-hydroxy group. Hence, the hydride attack onto I occurred from the less hindered bottom 




Scheme 3. Introduction of the 6-amide side chain 
 
 
Figure 14. Stereoselectivity of the reductive amination of 10 
 
Lastly, 13 and 13’ were converted to the D-ring-removed derivative B-1 and its 6α-isomer B-1’, respectively, 




Scheme 4. Introduction of the 17-N-Bs group 
 
Subsequently, the 14-deoxy derivatives B-2 and B-2’ were also synthesized from the key intermediate 7 
(Scheme 5). Compound 7 was hydrogenated in the presence of Pd/C under a hydrogen atmosphere for 2 h and 
treated with HCl to yield 15. The sulfonylation of 15, followed by analogous steps as described above for the 
synthesis of 13, afforded the D-ring-removed derivatives B-2 and B-2’. 
 
 
Scheme 5. Synthesis of the 14-deoxy derivatives B-2 and B-2’ 
 
The selectivity of the reductive amination of the 14-H derivative 16 (α:β = ca. 7:6) differed from that of the 
14-hydroxy group derivative 10 (α:β = ca. 1:3), which could be explained by the lack of the stabilizing effect 
of the 14-hydroxy group in the boat conformation (III). Although the boat conformation (III) was more stable 
than the chair conformation (IV) due to the presence of steric repulsion between the iminium ion and the E-
ring, the effect was not sufficient. Consequently, the iminium intermediate of 16 adopted both the chair form 
(IV) and the boat form (III) (Fig. 15) and the reductive amination occurred both from the bottom face of III 





Figure 15. Stereoselectivity of the reductive amination of 16 
 
With the synthesized D-ring-removed derivatives of YNT-707 in hand, the orexin receptor antagonistic 
activities were evaluated utilizing a cell-based calcium assay.33,34 The assay results are shown in Fig. 16. The 
D-ring-removed derivative B-1 (Ki = 101 nM) exhibited selective antagonistic activity for OX1R, however, its 
6α-isomer B-1’ showed almost no activity (11% inhibition of OXA at 10 μM). A previous study described the 
effects of stereochemistry of the 6-amide side chain in YNT-707 on the OX1R antagonistic activity.26 Similarly 
to the reported data, the 6α-isomer of YNT-707 (YNT-1369) showed 100-fold weaker activity. On the other 
hand, the 14-deoxy derivative B-2 (Ki = 20.9 nM) exhibited ca. 5 times higher activity than B-1. A similar 
tendency was also observed for the 14-deoxy derivative of YNT-707 (1-7; Ki = 1.97 nM).27 Therefore, it was 
speculated that the 14-deoxygenation resulted in a decrease of the steric hindrance between the 14-hydroxy 
group and the 17-sulfonamide moieties, allowing a suitable upper side orientation of the sulfonamide residue 
and leading to an increase in the OX1R antagonistic activity. Moreover, the 6α-isomer B-2’ showed an 
extremely weaker activity than the 6β-isomer B-2 (30% inhibition of OXA at 10 μM). These data indicate that 
D-ring primarily contributes to the proper orientation of the 17-sulfonamide rather than the 6-amide side chain. 
 
 





2-3. Synthesis of the double-ring-removed derivatives and their pharmacological activities 
 
As described in chapter 1, Nagase and co-workers reported the synthesis and evaluation of the E-ring-removed 
derivatives A-1 and A-1’ in which the E-ring removal did not cause a serious decrease in the antagonistic 
activity (Fig. 17).26 Thus, in order to obtain a simpler structure, the D- and E-ring-removed derivatives C and 
C’ were designed and synthesized and their activities were evaluated. 
 
 
Figure 17. Activity of the E-ring-removed derivatives and the design of the D- and E-ring-removed analogs 
 
The E-ring opening of the D-ring removed derivative with the 14-hydroxy group was commenced with the 
reductive cleavage of the E-ring in intermediate 9 in the presence of zinc powder to give 18 (Scheme 6). The 
resulting phenol 18 was phenylated utilizing the Ullmann coupling reaction with bromobenzene, followed by 
acetal protection of 6-ketone, affording 19 in 65% yield over 2 steps. The subsequent Birch reduction of phenyl 
ether 19 with sodium selectively cleaved the corresponding O–C bond to give dephenoxylated 20. The 
sulfonylation of the 17-amino group and deprotection of the 6-acetal moiety afforded 21. Finally, introduction 




Scheme 6. Synthesis of the double-ring-removed derivatives 
13 
 
Intriguingly, the selectivity of the reductive amination of the D- and E-ring-removed derivative 21 (α:β = ca. 
9:5) was opposite to that of the D-ring removed derivative 10 (α:β = ca. 1:3). The loss of the steric repulsion 
between the iminium ion and the E-ring is assumed to dramatically stabilize the chair conformation (VI) (Fig. 
18). In the previous study, the ether bond formation proceeded between the 14- and 6-positions by SN2 reaction 
of the 14-hydroxy group to 6α-mesylate in a 4,5-epoxymorphinan, but not morphinan without the 4,5-epoxy 
ring.35 These facts indicate that the 4,5-epoxy ring stabilizes the boat conformation of the C-ring. Therefore, 
the lack of fixing effect of the 4,5-epoxy ring prohibits the stabilization effect of the 14-hydroxy group to the 
iminium carbon and the steric effect between the 14-OH group and the iminium ion would rather be dominant. 
Consequently, compound 21 prefers the chair conformation (VI) than the boat conformation (V) and the 
hydride attack occurs from the top face of the iminium ion VI to selectively afford the 6α-amine 22’ as the 
major product rather than the 6β-amine 22. 
 
 
Figure 18. Stereoselectivity of the reductive amination of 21 
 
Similarly, the E-ring removal of the D-ring-removed derivative without the 14-hydroxy group was commenced 
with the reductive cleavage of the E-ring in intermediate 15 with zinc powder (Scheme 7). The 14-deoxy 
derivatives C-2 and C-2’ were synthesized according to the same procedure as described for C-1 and C-1’. 
 
  
Scheme 7. Synthesis of the double-ring-removed and 14-deoxy derivatives 
14 
 
The reductive amination of the 14-H derivative 26 gave the 6β-amine 27 as the major product (α:β = ca. 23:14), 
which was in contrast to the result obtained for its 14-hydroxy group derivative 21. The iminium intermediate 
of 27 would take both the boat (VII) and the chair (VIII) conformations due to the lack of steric interaction 
between the 14-substituent and the iminium ion (Fig. 19). Besides, as a secondary contribution, the steric 
repulsion between the A-ring and iminium ion would be rather dominant than that between the 14-H and the 
iminium ion, resulting to slightly prefer the boat conformation (VII). Thus, the hydride attack occurs from the 
bottom face of the iminium ion VII to afford 6β-amine 27 rather selectively than 6α-amine 27’. 
  
 
Figure 19. Stereoselectivity of the reductive amination of 25 
 
The assay results are shown in Fig. 20. Though the E-ring-removed derivatives A-1 and A-1’ exhibited 
selective and high affinity for OX1R,26 the activity of the double-ring-removed derivative C-1 (Ki = 842 nM) 
was greatly reduced and its 6α-isomer C-1’ showed no activity. Similarly, the 14-H derivative C-2 showed a 
significant decrease in activity, while C-2’ exhibited no antagonistic activity. 
 
 





2-4. Conformational analysis of the ring-removed derivatives 
 
Nagase and co-workers reported that there is a plausible similarity between the simulated conformations of 
YNT-707 within +2.0 kcal/mol energy range and the OX1R-bound conformation of YNT-1310 obtained by a 
docking study. It was determined that to interact with OX1R, the 17-sulfonamide and 6β-amide groups are 
oriented toward the upper side of the D-ring and the lower side of the C-ring, respectively (Fig. 21).25,26 To 
gain more insight into these experimental results, a conformational analysis of the representative derivatives 
A-1, B-2, and C-2 was conducted within +2.0 kcal/mol energy range.36 
 
 
Figure 21. OX1R-bound conformation of YNT-1310 and the stable conformation of YNT-707 
 
The superimposition of the simulated conformations of the E-ring-removed derivative A-1 within +2.0 
kcal/mol energy range is illustrated in Fig. 22. The 6-amide side chains of YNT-707 and YNT-1310 exhibit a 
cis amide conformation (active form) due to the electron repulsion between the ether oxygen atom of the E-
ring and the carbonyl oxygen atom of the 6-amide moiety. On the other hand, the simulated conformations of 
A-1 include the trans amide conformation resulting from the absence of the repulsion, which is suspected to 
lead to a slight decrease in activity. 
 
 
Figure 22. Superimposition of the simulated conformations of A-1 
 
Furthermore, the superimposition of the simulated conformations of the D-ring-removed derivative B-2 within 
+2.0 kcal/mol energy range is demonstrated in Fig. 23. In most cases, the 17-sulfonamide moiety displays an 
equatorial orientation and the free rotation of the sulfonamide and cyclopropylmethyl (CPM) groups is 
increased following the D-ring removal (Fig. 19). The 6-amide side chain exhibits a bent form, positioning it 





Figure 23. The stable conformation of B-2 
 
Finally, the superimposition of the simulated conformations of the D- and E-double rings-removed derivative 
C-2 within +2.0 kcal/mol energy range is illustrated in Fig. 24. In most cases, the 17-sulfonamide moiety of 
C-2 displays an equatorial orientation and similarly to B-2, the 6-amide side chain exhibits a bent form (Fig. 
23). However, C-2 also showed the rather axial orientation of the 17-sulfonamide group and the extended form 
of the 6-amide side chain in the same energy range, suggesting that the removal of both D- and E-rings 
dramatically increases the flexibility of the molecule.  
 
 
Figure 24. The stable conformation of C-2 
 
These results indicate that the removal of the D- and E-rings makes it challenging to form the active 
conformation similar to that of YNT-707 resulted in the loss of the conformational fixation of the two 





2-5. Summary  
 
With a view to determining the essential structure of YNT-707, the work focused on establishing the role of 
the D-ring and E-ring in the morphinan skeleton and their effect on the affinity against OX1R. The D-ring- and 
the double-ring-removed derivatives were successfully synthesized in good yields. The affinities, as well as 
the selectivity of the resulting derivatives, were evaluated for orexin receptors and the analogs were subjected 
to conformational analyses. As a result, although the D-ring-removed derivatives exhibited moderate affinities 
for OX1R, in comparison, the D-ring and E-double rings-removed analogs showed much weaker activities. 
The conformational analyses implied that the D-ring removal led to the equatorial conformation of the 17-
sulfonamide group and resulted in its free rotation. Moreover, the removal of both the both D-ring and the E-
ring led to a loss of control of the conformation of not only the 17-sulfonamide moiety, but also the 6-amide 
side chain. It is therefore postulated that the D-ring and E-ring in YNT-707 regulate the conformation and 
rotation of not only the 17-sulfonamide group and but the 6-amide side chain, promoting proper orientation of 
these pharmacophores for binding with OX1R. However, the compound C-1 without both D- and E-rings as 
well as the 14-hydroxy group showed weak but detectable affinity to OX1R, which encouraged to us to try the 
scaffold hopping of the morphinan skeleton. the author is conducting further investigations to prepare simpler 





Chapter 3. Substituent effect of the 17-amino group in the D-ring-removed 
derivatives of YNT-707 
 
3-1. Design of the 17-substituted derivatives of B-1 
 
In chapter 2, the successful synthesis of simpler derivatives, such as B-1 and C-1 by removing the D- or E-
ring from YNT-707 was described in detail. These derivatives retained moderate OX1R antagonistic activities, 
which indicated the possibility of scaffold hopping of the morphinan skeleton leading to a new simple structure. 
However, the potencies of these derivatives were not sufficient to further investigate the pharmacological 
effects and to design alternative scaffolds. Hence, to obtain less complex structures exhibiting stronger OX1R 
antagonistic activities, derivative D with various substituents on the 17-nitrogen atom as well as the cyclic 
derivatives E based on the structure of B-1 were synthesized as the model compounds (Fig. 25). 
 
 
Figure 25. Optimization of the 17-nitrogen group 
 
3-2. Synthesis of the 17-substituted derivatives and their pharmacological effects 
 
The synthesis of the 17-N-Boc derivative D-1 was conducted using intermediate 10 without the D-ring in a 
reductive amination reaction with MeNH2·HCl and NaBH3CN, followed by acylation with (E)-3-(furan-3-
yl)acryloyl chloride (Scheme 8). The secondary amine derivative D-2 was obtained by the acid-promoted 
deprotection of the Boc group from D-1.37 Subsequently, the 17-N-acetamide (Ac, D-3), benzamide (Bz, D-4), 
and cyclopropylamide (Cpc, D-5) derivatives were obtained by the Schotten-Baumann reaction (Table 2). 
 
  
Scheme 8. Synthesis of the 17-N-Boc derivative and the secondary amine derivative  
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Table 2. Synthesis of the 17-N-substituted derivatives by the Shotten-Baumann reaction 
 
 
Furthermore, to investigate the effect of the rotation of the 17-nitrogen moiety, cyclized derivatives between 
the 14-hydroxyl and 17-amino groups (E-1 and E-2) were synthesized. Following the hydrolysis of the enol 
carbonate of 11, the resulting ketone 28 was converted into the cyclic carbamate derivative E-1 according to 
the same procedure as the one described for D-1 (Scheme 9).37 The cyclic sulfamate derivative E-2 was 
obtained from 9 (Scheme 10). The 1,2-aminoalcohol 9 was treated with SOCl2, followed by RuCl3-mediated 
oxidation to give the cyclic sulfamate 30. Intermediate 30 was then converted into E-2 according to the same 
procedure as the one described for D-1.37 
 
 
Scheme 9. Synthesis of the cyclic carbamate derivative E-1  
 
  
Scheme 10. Synthesis of the cyclic sulfamate derivative E-2 
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With the 17-N-substituted derivatives (D-1–5, E-1 and E-2) in hand, the orexin receptor antagonistic activities 
were evaluated according to the procedure reported in chapter 2. The assay results are shown in Tables 3 and 
4. Although the secondary amino-derivative D-2 showed almost no OX1R antagonistic activity, the 17-N-Ac 
derivative D-3 displayed weak but detectable activity (48% inhibition of OXA at 10 µM). Additionally, the 
17-N-Cpc derivative D-5 and the 17-N-Bz derivative D-4 exhibited increased activities, with the Ki values of 
1,092 nM and 275 nM, respectively. The most effective antagonist was D-1 carrying a Boc group at the 17-
nitrogen position. The activity of this compound (Ki = 72.8 nM) was greater than that of nalfurafine (Ki = 250 
nM) and B-1 (Ki = 101 nM). Intriguingly, the cyclic derivatives E-1 and E-2, which lacked the free rotation of 
the substituent on the 17-nitrogen showed moderate activity (E-1, Ki = 842 nM; E-2, Ki = 1,790 nM). These 
data imply that the rotation barrier of the 17-nitrogen substituent played an important role in the formation of 
the active conformation. Moreover, the orientation of bulky substituents toward the outside of the B-ring was 
also of significance. Thus, it is inferred that substituents bulkier than the cyclopropylmethyl moiety, such as 
Bs, Boc, and Bz would lead to potent activity. 
 
Table 3. OX1R antagonistic activity of the 17-substituted derivatives (D-1–5) 
 
 
Table 4. OX1R antagonistic activity of the cyclic derivatives (E-1 and 2) 
 
 
3-3. Synthesis of the 14-deoxy-17-substituted derivatives and their pharmacological effects 
 
As mentioned in chapter 2, the 14-deoxygenation of B-1 weakened the steric hindrance of the 17-amide group 
and the 14-deoxy derivative B-2 showed more potent antagonistic activity than B-1. Therefore, the 14-deoxy 
scaffold was selected for further improvement of the activity and simultaneous investigation of the substituent 
effect. The synthetic routes to the 14-deoxy derivatives of B-2 (F-1 and F-2) starting from intermediate 15 was 
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shown in Scheme 12. Following the Boc protection of the 17-amino group in 15, the resulting compound 31 
was converted into the 17-N-Boc derivative F-1 without the 14-hydroxy moiety according to the same 
procedure as the one described for D-1.37 The secondary amine derivative F-2 was obtained by the acid-
promoted deprotection of the Boc group from F-1. 
 
 
Scheme 12. Synthesis of the 14-deoxy-17-substituted derivatives 
 
To investigate the effects of the bulky substituents, the 17-N-Me derivative F-3 was synthesized from 
intermediate 14 without the D-ring and the 14-hydroxy group (Scheme 13). The reductive amination of 14 in 
the presence of paraformaldehyde and NaBH3CN, followed by the deprotection of the acetal moiety in the 
resulting 32 with HCl, gave ketone 33 in 33% yield. Intermediate 33 was converted into the 17-N-Me derivative 
F-3 according to the same procedure as the one reported previously for D-1.37 
 
 
Scheme 13. Synthesis of the 17-N-Me derivative F-3 
 
Finally, to investigate the effect of the 17-N-CPM group on the activity, the D-ring-removed derivative B-2, 
the 17-N-Me derivative F-4 was synthesized from intermediate 32 (Scheme 14). The 17-N-CPM moiety of 32 
was converted into the Troc group by the treatment with 2,2,2-trichloroethyl chloroformate (TrocCl) in the 
presence of potassium carbonate to afford 34. The deprotection of the Troc group with NaOH, followed by 
sulfonylation yielded 36. The resulting 36 was subsequently converted into the 17-N-Me-N-Bs derivative F-4 




Scheme 14. Synthesis of the 17-N-methyl benzene sulfonamide derivative F-4 
 
The antagonistic activities of the obtained derivatives are shown in Table 5. The 14-deoxy derivatives (F-1–
4) exhibited moderate to strong antagonistic activities. Notably, F-1 carrying a bulky Boc group showed the 
most potent antagonistic activity (Ki = 14.8 nM). Although the activity gradually decreased as the substituent 
size decreased, even the secondary amine F-2 exhibited the activity in the <1,000 µM range (Ki = 392 nM). 
Moreover, it is also noteworthy that the tertiary amine F-3 exhibited a low Ki value (50.1 nM), which is in the 
same range as the most potent antagonist containing the 14-hydroxy group (D-1). On the contrary, the 17-N-
methyl benzene sulfonamide F-4 (Ki = 829 nM) showed ca. 10-fold and 30-fold weaker activity than F-1 and 
17-N-cyclopropyl methyl benzene sulfonamide B-1, respectively. 
 





3-4. Summary  
 
In conclusion, the effects of the substituents at the 17-nitrogen position were investigated to improve the 
activity of the new weakly active scaffold. The 17-substituted derivatives with or without the 14-hydroxy 
group were successfully synthesized and their OX1R antagonistic activities were evaluated. The obtained 
results demonstrated that the OX1R antagonistic activity strongly depended on the bulkiness and orientation 
of the 17-substituent. When a substituent bulkier than a methyl group was present on the 17-nitrogen, higher 
activity was observed. In particular, the 17-N-Boc derivative F-1 showed the most potent activity. On the other 
hand, the CPM group also served as a good pharmacophore and the 17-N-Me derivative F-3 exhibited potent 
activity. The amide and sulfonamide moieties are known to cause solubility issues; however, while YNT-707 
and F-1 suffered from poor water solubility, F-3 displayed reasonable water solubility (>1 M in water as a HCl 
salt). Thus, the scaffold without the D-ring and the 14-hydroxy group, containing a bulky tertiary amine, has 
shown remarkable potential as a new alternative structure of the morphinan skeleton for the development of 




Chapter 4. Conclusion 
 
In the present thesis, aiming at the design and synthesis of an alternative simpler scaffold of the morphinan 
skeleton, a new structure-activity relationship study of the morphinan ring system in relation to the OX1R 
antagonistic activity was conducted.  
 
In chapter 2, the study focused on the effects of the D-ring and the E-ring in the morphinan skeleton on the 
affinity for OX1R. The D-ring-removed and the D- and E-doule-rings-removed derivatives were efficiently 
synthesized, and their affinities and selectivity for orexin receptors were evaluated. As a result, the D-ring-
removed derivatives exhibited moderate affinities for OX1R, while the double-ring-removed derivatives 
showed much weaker activities. The conformational analyses suggested that the D- and E-rings in YNT-707 
regulate the conformation and rotation of the 17-sulfonamide and the 6-amide side chain, which leads to the 
formation of the proper orientation of these pharmacophores to bind to OX1R. However, compound C-1 
without the D- and E- rings showed weak, but detectable affinity for OX1R, which implied the possibility of 




Furthermore, in chapter 3, the effects of the substituents on the 17-nitrogen group on the activity of the newly 
obtained weakly active scaffold were evaluated. The 17-substituted derivatives with or without the 14-hydroxy 
group were successfully synthesized and their OX1R antagonistic activity was examined. Higher activity was 
observed in the compounds with a bulkier substituent than a methyl group on the 17-nitrogen. Particularly, the 
17-N-Boc derivative F-1 showed the most potent antagonistic activity. On the other hand, the CPM group also 
served as a good pharmacophore and the 17-N-Me derivative F-3 exhibited potent activity. Consequently, it 
was suggested that the OX1R antagonistic activity could be improved by optimizing the substituents on the 17-
nitrogen atom. 
  
Additional investigation into scaffold-hopping of the morphinan skeleton is being carried out. Recently, a new 
tetrahydroquinoline-type skeleton, which was designed based on the structure of the D- and E-double-rings-









All commercially available chemicals and solvents were used without further purification. In general, reaction 
mixtures were magnetically stirred at the respective temperature under argon atmosphere. Reactions were 
monitored by TLC. Preparative and analytical TLC were carried out on silica gel plates (Kieselgel 60 F254, E. 
Merck AG, Germany), in which existing compounds were visualized by UV light (254 nm) and staining with 
phosphomolybdic acid in a sulfuric acid aqueous solution and dinitrophenylhydrazine in ethanol solution 
followed by heating. Flash column chromatography was performed on silica gel (spherical, neutral, 40–50 µm, 
Kanto Chemical Co., Japan). 1H and 13C NMR spectra were recorded on a JEOL ECS-400 (1H: 400 MHz; 13C: 
100 MHz). Chemical shifts are reported in ppm with reference to tetramethylsilane (δ 0.00) and solvent signals 
[CDCl3 (δ 7.26); CD3OD (δ 3.31)]. Signal patterns are indicated as br = broad; s = singlet; d = doublet; t = 
triplet; q = quartet; m = multiplet. Infrared spectra were recorded with a JASCO FT/IR 4100 spectrometer. 
Mass spectra were recorded with a JEOL JMS-T100LP spectrometer. Elemental analysis was performed with 
a Yanaco CHN-CODER JM-10 model analyzer. Chemical names were generated using ChemDraw 









To a solution of 9 (66.4 mg, 0.202 mmol) in CH2Cl2 (3.5 mL), Boc2O (463 µL, 2.02 mmol), Et3N (309 µL, 
2.22 mmol) were added, and the mixture was stirred at room temperature under Ar atmosphere for 9 hours. 
The reaction mixture was added sat. NaHCO3 aq. (3 mL), the mixture extracted with CH2Cl2 (10, 10, 5, mL). 
The combined organic extracts were dried over Na2SO4, and concentrated. The residue was purified by silica 
gel column chromatography (hexane/acetone/MeOH/30% NH3 aq. 6/1/0.09/0.01) to give 10 (64.0 mg, 60%) 
and 11 (14.6 mg, 17%) as a colorless oil, respectively. 10: HR-MS (ESI): Calcd for C24H31NO6Na [M+Na]+: 
452.20491. Found: 452.20283. IR (NaCl, cm-1): 3442.31, 2974.66, 1729.83, 1654.62, 1608.34. 1H NMR (400 
MHz, CDCl3): δ -0.05–0.02 (m, 1H), 0.07–0.14 (m, 1H), 0.42–0.53 (m, 2H), 1.00–1.11 (m, 1H), 1.53 (s, 9H), 
1.66 (td, J = 3.2, 14.2 Hz, 1H), 1.86–1.94 (m, 1H), 2.21 (dt, J = 2.8, 14.2 Hz, 1H), 2.48 (dd, J = 6.4, 14.1 Hz, 
1H), 3.05 (td, J = 5.0, 14.2 Hz, 1H), 3.08 (dd, J = 6.9, 17.4 Hz, 1H), 3.24 (d, J = 18.3 Hz, 1H), 3.40 (dd, J = 
4.1, 14.7 Hz, 1H), 3.82 (d, J = 8.2 Hz, 1H), 3.91 (s, 3H), 4.2 (brs, 1H), 4.53 (d, J = 6.4 Hz, 1H), 5.16 (d, J = 
8.2 Hz, 1H), 6.64 (d, J = 8.2 Hz, 1H), 6.74 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 4.2, 5.3, 12.0, 
28.6, 29.8, 34.6, 35.2, 47.9, 49.0, 56.9, 58.5, 75.2, 81.3, 86.5, 115.7, 120.4, 123.1, 126.2, 143.1, 146.5, 208.5. 
11: HR-MS (ESI): Calcd for C25H29NO7Na [M+Na]+: 478.18417. Found: 478.18407. IR (NaCl, cm-1): 3486.67, 
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2980.45, 2252.45, 1748.16, 1642.09. 1H NMR (400 MHz, CDCl3): δ 0.25–0.39 (m, 2H), 0.49–0.57 (m, 1H), 
0.59–0.68 (m, 1H), 0.97–1.08 (m, 1H), 1.52 (s, 9H), 2.16 (dt, J = 1.8, 17.4 Hz, 1H), 2.48 (dd, J = 2.3, 6.9 Hz, 
1H), 2.68 (dd, J = 8.7, 14.7 Hz, 1H), 2.96 (dd, J = 7.8, 14.7 Hz, 1H), 3.24 (dd, J = 6.9, 14.2 Hz, 1H), 3.52 (dd, 
J = 6.9, 14.7 Hz, 1H), 3.81 (dd, J = 6.9, 8.2 Hz, 1H), 3.86 (s, 3H), 3.96 (dd, J = 0.9, 9.6 Hz, 1H), 5.67 (d, J = 
9.6 Hz, 1H), 5.79 (dd, J = 2.3, 6.9 Hz, 1H), 6.68 (d, J = 8.2 Hz, 1H), 6.74 (d, J = 7.8 Hz, 1H). 13C NMR (100 
MHz, CDCl3): δ 2.8, 4.6, 9.3, 27.8, 32.0, 34.4, 46.0, 47.3, 56.8, 61.7, 80.7, 81.0, 83.5, 114.6, 115.1, 119.4, 







To a solution of 9 (292 mg, 0.887 mmol) in CHCl3 (12 mL), Boc2O (4.10 mL, 17.7 mmol) and sat. NaHCO3 
aq. (10 mL) were added, and the mixture was stirred at room temperature under Ar atmosphere for 11 hours. 
Boc2O (1.00 mL, 4.32 mmol) was added and stirring continued until the reaction was completed. The reaction 
mixture was added sat. NaHCO3 aq. (5 mL), the mixture extracted with CHCl3 (30, 30, 30, 15 mL). The 
combined organic extracts were dried over Na2SO4, and concentrated. The residue was purified by silica gel 
column chromatography (hexane/EtOAc 5:2) to give 10 (342 mg, 90%) as a colorless oil. HR-MS (ESI): Calcd 
for C24H31NO6Na [M+Na]+: 452.20491. Found: 452.20283. IR (NaCl, cm-1): 3442.31, 2974.66, 1729.83, 
1654.62, 1608.34. 1H NMR (400 MHz, CDCl3): δ -0.05-0.02 (m, 1H), 0.07-0.14 (m, 1H), 0.42-0.53 (m, 2H), 
1.00-1.11 (m, 1H), 1.53 (s, 9H), 1.66 (td, J = 3.2, 14.2 Hz, 1H), 1.86-1.94 (m, 1H), 2.21 (dt, J = 2.8, 14.2 Hz, 
1H), 2.48 (dd, J = 6.4, 14.1 Hz, 1H), 3.05 (td, J = 5.0, 14.2 Hz, 1H), 3.08 (dd, J = 6.9, 17.4 Hz, 1H), 3.24 (d, J 
= 18.3 Hz, 1H), 3.40 (dd, J = 4.1, 14.7 Hz, 1H), 3.82 (d, J = 8.2 Hz, 1H), 3.91 (s, 3H), 4.2 (brs, 1H), 4.53 (d, 
J = 6.4 Hz, 1H), 5.16 (d, J = 8.2 Hz, 1H), 6.64 (d, J = 8.2 Hz, 1H), 6.74 (d, J = 8.2 Hz, 1H). 13C NMR (100 
MHz, CDCl3): δ 4.2, 5.3, 12.0, 28.6, 29.8, 34.6, 35.2, 47.9, 49.0, 56.9, 58.5, 75.2, 81.3, 86.5, 115.7, 120.4, 









To a solution of 10 (316 mg, 0.735 mmol) in MeOH (15 mL), MeNH2·HCl (499 mg, 7.35 mmol) and 
NaBH3CN (69.6 mg, 1.10 mmol) were added, and the mixture was stirred at room temperature under Ar 
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atmosphere for 10 hours. NaBH3CN (14.5 mg, 0.23 mmol) was added and stirring continued until the reaction 
was completed. The reaction mixture was added sat. NaHCO3 aq. (5 mL), the mixture extracted with CHCl3 
(30, 30, 30 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue was 
purified by silica gel column chromatography (acetone/MeOH/30% NH3 aq. 5/0.18/0.02) to give a mixture of 









To a solution of the mixture of 12 and 12’ in CH2Cl2 (2 mL), Et3N (200 μL, 1.44 mmol) and trans-3-
furanacryloyl chloride (90.3 mg, 0.577 mmol) were added, and the mixture was stirred at room temperature 
under Ar atmosphere for 1 hour. The reaction mixture was added sat. NaHCO3 aq. (3 mL), the mixture 
extracted with CH2Cl2 (5, 5, 5 mL). The combined organic extracts were dried over Na2SO4, and concentrated. 
The residue was purified by silica gel column chromatography (hexane/acetone 3/1) and preparative TLC (0.5 
mm, hexane/acetone 2/1) to give 13 (177 mg, 42%) and 13’ (61.9 mg, 15%) as colorless oils, respectively. 13: 
HR-MS (ESI): Calcd for C32H40N2O7Na [M+Na]+: 587.27332. Found: 587.27148. IR (NaCl, cm-1): 3420.14, 
2977.55, 1652.7, 1606.41, 1408.75. 1H NMR (400 MHz, CDCl3): δ 0.13-0.09 (m, 2H), 0.33-0.46 (m, 2H), 1.00 
(br, 1H), 1.28-1.38 (m, 1H), 1.44 (m, 10H), 1.52-1.66 (m, 1H), 1.96-2.26 (m, 1.2H), 2.36 (dd, J = 6.0, 12.8 Hz, 
0.8H), 2.91 (s, 2.3H), 3.05 (s, 0.7H), 3.10-3.24 (m, 2H), 3.29-3.48 (m, 2H), 3.60 (brs, 1H), 3.69-3.88 (m, 4H), 
4.37 (brs, 0.2H), 4.47 (brs, 0.8H), 5.04 (t, J = 7.8 Hz, 0.8H), 5.14 (t, J = 7.8 Hz, 0.2H), 6.28 (d, J = 15.6 Hz, 
0.8H), 6.35 (s, 0.8H), 6.50-6.70 (m, 1.6H), 6.78 (d, J = 8.2 Hz, 0.8H), 7.29-7.56 (m, 3H). 13C NMR (100 MHz, 
CDCl3): δ 3.9, 5.2, 11.9, 22.6, 28.4, 29.7, 31.8, 33.4, 44.4, 48.7, 54.0, 56.8, 58.3, 74.9, 80.9, 85.5, 107.6, 115.7, 
118.2, 120.3, 123.3, 123.7, 128.3, 132.0, 143.5, 143.6, 144.3, 145.2, 159.2, 167.6. 13’: HR-MS (ESI): Calcd 
for C32H40N2O7Na [M+Na]+: 587.27332. Found: 587.27149. IR (NaCl, cm-1): 3418.21, 2972.73, 1652.7, 
1604.48, 1505.17. 1H NMR (400 MHz, CDCl3): δ 0.12- 0.26 (brs, 2H), 0.48-0.61 (brs, 2H), 1.01-1.12 (brs, 
1H), 1.45-1.58 (m, 11H), 1.77-1.89 (brs, 1H), 2.94- 3.66 (m, 8.5H), 3.87 (brs, 4.5H), 5.24-5.55 (m, 1.5H), 
6.54-6.79 (m, 4.5H), 7.38-7.45 (m, 1.6H), 7.45-7.66 (m, 2.4H). 13C NMR (100 MHz, CDCl3): δ 4.2, 11.4, 18.4, 
19.5, 28.5, 31.0, 32.2, 34.0, 48.7, 51.2, 56.8, 73.8, 80.7, 86.4, 107.6, 114.3, 118.1, 118.9, 121.6, 123.3, 130.2, 
132.5, 142.0, 143.9, 144.1, 147.2, 165.7, 167.0, 208.4. 
 
(E)-N-((3R,3aR,3a1S,9aS)-9-((cyclopropylmethyl)amino)-9a-hydroxy-5-methoxy-1,2,3,3a,3a1,8, 9,9a- 






To a solution of 13 (99.1 mg, 0.175 mmol) in MeOH (2 mL), 2 M HCl aq. (2 mL) was added, and the mixture 
was stirred at 60 °C under Ar atmosphere for 14 hours. The reaction mixture was added sat. NaHCO3 aq. (9 
mL), the mixture extracted with CHCl3 (20, 15, 10 mL). The combined organic extracts were dried over 
Na2SO4, and concentrated. The residue was purified by silica gel column chromatography 
(hexane/acetone/MeOH/30% NH3 aq. 3/1/0.09/0.01) to give ES-1β (80.8 mg, 99%) as a colorless oil. HR-MS 
(ESI): Calcd for C27H33N2O5 [M+H]+: 465.23895. Found: 465.23852. IR (NaCl, cm-1): 3320.82, 2937.06, 
1650.77, 1603.52, 1503.24. 1H NMR (400 MHz, CDCl3): δ 0.02-0.25 (m, 2H), 0.43-0.59 (m, 2H), 0.90-1.04 
(m, 1H), 1.36-1.64 (m, 3H), 1.71-1.90 (m, 1H), 2.47-2.56 (m, 1H), 2.63-2.72 (m, 2H), 2.93-3.13 (m, 5H), 3.64 
(d, J = 9.6 Hz, 1H), 3.86 (s, 3H), 4.67 (m, 0.4H), 5.11-5.21 (m, 0.6H), 5.24-5.31 (m, 0.4H), 5.45 (dd, J = 3.7, 
9.6 Hz, 0.6H), 6.55-6.80 (m, 4H), 7.42 (s, 1H), 7.54-7.65 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 3.5, 3.6, 
11.5, 23.4, 28.4, 29.1, 30.5, 31.8, 41.2, 45.3, 53.7, 57.0, 61.8, 70.7, 85.3, 107.7, 115.7, 118.3, 121.8, 122.8, 







To a solution of ES-1β (20.2 mg, 0.0435 mmol) in CH2Cl2 (2 mL), Et3N (30.3 μL, 0.217 mmol) and 
benzenesulfonyl chloride (16.6 μL, 0.130 mmol) were added, and the mixture was stirred at room temperature 
under Ar atmosphere for 20 hours. Et3N (30.3 μL, 0.217 mmol) and benzenesulfonyl chloride (16.6 μL, 0.130 
mmol) were added and stirring continued until the reaction was completed. The reaction mixture was 
concentrated, and the residue was purified by silica gel column chromatography (CH2Cl2/acetone 7/1) to give 
B-1 (20.2 mg, 77%) as a colorless oil. HR-MS (ESI): Calcd for C33H36N2O7SNa [M+Na]+: 627.21409. Found: 
627.21486. IR (NaCl, cm-1): 3500.17, 2934.16, 1651.73, 1605.45, 1445.39. 1H NMR (400 MHz, CDCl3): δ 
−0.02-0.19 (m, 2H), 0.36-0.49 (m, 2H), 0.97-1.08 (m, 1H), 1.39-1.81 (m, 4H), 2.05-2.37 (m, 1H), 2.56-2.74 
(m, 1H), 2.90-3.16 (m, 6H), 3.35-3.41 (m, 1H), 3.61-3.88 (m, 4H), 4.11-4.22 (m, 1H), 5.11-5.29 (m, 1H), 6.29-
6.85 (m, 4H), 7.34-7.68 (m, 6H), 7.87-7.97 (m, 2H). 13C NMR (100 MHz, CDCl3): 5.0, 6.2, 12.1, 23.0, 28.6, 
29.9, 33.8, 45.2, 50.5, 57.1, 62.1, 72.0, 85.7, 107.8, 116.1, 118.3, 120.3, 122.7, 123.4, 127.3, 127.9, 129.4, 









According to the synthetic protocol of ES-1β, 13’ (61.9 mg, 0.110 mmol) was converted to ES-1α (40.8 mg, 
80%) as a pale-yellow oil. HR-MS (ESI): Calcd for C27H33N2O5 [M+H]+: 465.23895. Found: 465.23954. IR 
(NaCl, cm-1): 3318.89, 2939.95, 1650.77, 1602.56, 1504.2. 1H NMR (400 MHz, CDCl3): δ 0.02-0.25 (m, 2H), 
0.51 (m, 2H), 0.97 (m, 1H), 1.36-1.65 (m, 3H), 1.73-1.90 (m, 1H), 2.47-2.56 (m, 1H), 2.63-2.72 (m, 2H), 2.94-
3.14 (m, 5H), 3.64 (d, J = 9.7 Hz, 1H), 3.86 (s, 3H), 4.67 (m, 0.4H), 5.16 (m, 0.6H), 5.24-5.31 (m, 0.4H), 5.45 
(dd, J = 3.7, 9.6 Hz, 0.6H), 6.56-6.81 (m, 4H), 7.42 (s, 1H), 7.55-7.68 (m, 2H). 13C NMR (100 MHz, CDCl3): 
δ 3.5, 3.7, 11.6, 19.4, 31.0, 31.2, 32.2, 45.0, 50.6, 54.3, 56.9, 62.2, 69.8, 85.5, 107.6, 114.7, 118.1, 120.1, 123.3, 







According to the synthetic protocol of B-1, ES-1α (19.8 mg, 0.0426 mmol) was converted to B-1’ (23.6 mg, 
91%) as a colorless oil. HR-MS (ESI): Calcd for C33H36N2O7SNa [M+Na]+: 627.21409. Found: 627.21323. IR 
(NaCl, cm-1): 3500.17, 2948.63, 1651.73, 1603.52, 1507.1. 1H NMR (400 MHz, CDCl3): δ 0.20-0.49 (m, 2H), 
0.51-0.65 (m, 2H), 1.05-1.32 (m, 2H), 1.50-.1.96 (m, 4H), 2.64-2.78 (m, 1H), 2.90 (brs, 1H), 3.03-3.25 (m, 
4H), 3.29-3.52 (m, 1H), 3.68 (brs, 1H), 3.77-3.91 (m, 4H), 4.97-5.63 (m, 2H), 6.44-6.51 (m, 1H), 6.59-6.78 
(m, 3H), 7.40-7.48 (m, 1H), 7.51-7.69 (m, 5H), 7.89-7.97 (m, 2H). 13C NMR (100 MHz, CDCl3): 4.9, 5.8, 12.3, 
18.1, 19.1, 30.3, 31.2, 32.2, 34.1, 47.2, 48.6, 51.1, 56.8, 63.3, 72.3, 86.6, 107.6, 114.4, 118.0, 123.3, 127.5, 







To a solution of 15 (13.0 mg, 0.0415 mmol) in CH2Cl2 (1 mL), Et3N (17.0 μL, 0.100 mmol) and 
benzenesulfonyl chloride (12.7 μL, 0.100 mmol) were added, and the mixture was stirred at room temperature 
under Ar atmosphere for 7 days. The reaction mixture was added sat. NaHCO3 aq. (3 mL), the mixture 
extracted with CH2Cl2 (10, 7, 4 mL). The combined organic extracts were dried over Na2SO4, and concentrated. 
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The residue was purified by silica gel column chromatography (CH2Cl2/MeOH 200/1 to 20/1) to give 16 (12.9 
mg, 69%) as a colorless oil. HR-MS (ESI): Calcd for C25H28NO5S [M+H]+: 454.16882. Found: 454.17070. IR 
(NaCl, cm-1): 2934.16, 1728.87, 1507.1, 1446.35, 1329.68. 1H NMR (400 MHz, CDCl3): δ 0.09-0.15 (m, 1H), 
0.19-0.25 (m, 1H), 0.47-0.54 (m, 2H), 0.98-1.07 (m, 1H), 1.44-1.54 (m, 1H), 2.15 (dq, J = 5.5, 13.3 Hz, 1H), 
2.32-2.46 (m, 2H), 2.53 (dd, J = 6.0, 16.0 Hz, 1H), 2.71 (dd, J = 6.9, 16.5 Hz, 1H), 2.95 (ddt, J = 5.3, 7.9, 10.4 
Hz, 1H), 3.04-3.17 (m, 2H), 3.86-3.94 (m, 1H), 3.90 (s, 3H), 4.20 (t, J = 8.7 Hz, 1H), 5.12 (d, J = 9.2 Hz, 1H), 
6.50 (d, J = 8.2 Hz, 1H), 6.68 (d, J = 8.2 Hz, 1H), 7.50-7.64 (m, 3H), 7.83-8.89 (m, 2H). 13C NMR (100 MHz, 
CDCl3): δ 4.8, 6.0, 26.7, 28.6, 38.0, 38.0, 41.4, 50.2, 56.9, 58.8, 86.7, 1147, 120.1, 124.3, 125.4, 127.2, 129.3, 









To a solution of 16 (37.5 mg, 0.0827 mmol) in MeOH/ CH2Cl2 (3/2; 10 mL), MeNH2·HCl (55.8 mg, 0.827 
mmol) and NaBH3CN (5.7 mg, 0.0910 mmol) were added, and the mixture was stirred at room temperature 
under Ar atmosphere for 13 hours. The reaction mixture was added sat. NaHCO3 aq. (20 mL), the mixture 
extracted with CHCl3 (30, 20, 10 mL). The combined organic extracts were dried over Na2SO4, and 
concentrated. The residue was purified by preparative TLC (0.5 mm, hexane/EtOAc, MeOH/30% NH3 aq. 
1/2/0.18/0.02) to give 17 (12.5 mg, 32%) as a colorless oil and 17’ (13.6 mg, 35%) as a pale-pink oil, 
respectively. 17: HR-MS (ESI): Calcd for C26H33N2O4S [M+H]+: 469.21610. Found: 469.21469. IR (NaCl, 
cm-1): 2941.88, 1635.34, 1609.31, 1506.13, 1446.35. 1H NMR (400 MHz, CDCl3): δ 0.05-0.11 (m, 1H), 0.16-
0.22 (m, 1H), 0.41-0.52 (m, 2H), 0.84-1.05 (m, 3H), 1.79-1.89 (m, 2H), 2.27 (br, 1H), 2.32 (ddd, J = 3.7, 8.2, 
11.5 Hz, 1H), 2.42 (s, 3H), 2.52-2.60 (m, 1H), 2.71 (d, J = 6.4 Hz, 2H), 3.02 (dd, J = 6.9, 15.1 Hz, 1H), 3.13 
(dd, J = 6.4, 15.1 Hz, 1H), 3.68 (t, J = 8.2 Hz, 1H), 3.87 (s, 3H), 3.99 (td, J = 4.6, 6.0 Hz, 1H), 4.75 (t, J = 8.7 
Hz, 1H), 6.53 (d, J = 8.2 Hz, 1H), 6.70 (d, J = 8.2 Hz, 1H), 7.49-7.62 (m, 3H), 7.81-7.94 (m, 2H). 13C NMR 
(100 MHz, CDCl3): δ 5.1, 5.6, 26.2, 27.1, 28.6, 33.9, 38.0, 38.8, 50.4, 46.7, 60.2, 61.0, 91.1, 113.7, 119.3, 
124.6, 127.2, 127.7, 129.2, 132.5, 141.4, 143.4, 145.4. 17’: HR-MS (ESI): Calcd for C26H33N2O4S [M+H]+: 
469.21610. Found: 469.21410. IR (NaCl, cm-1): 2941.88, 1608.34, 1507.1, 1446.35, 1329.68. 1H NMR (400 
MHz, CDCl3): δ 0.22-0.31 (m, 2H), 0.53-0.59 (m, 2H), 0.92-1.13 (m, 2H), 1.37-1.56 (m, 3H), 2.33 (s, 3H), 
2.41-2.51 (m, 1H), 2.56 (dd, J = 6.0, 14.7 Hz, 1H), 2.79 (dd, J = 10.1, 14.2 Hz, 1H), 2.88 (dt, J = 1.6, 7.3 Hz, 
1H), 3.12-3.24 (m, 2H), 3.57 (dt, J = 5.5, 10.1 Hz, 1H), 3.73 (dd, J = 8.2, 10.2 Hz, 1H), 3.86 (s, 3H), 5.27 (dd, 
J = 4.6, 10.2 Hz, 1H), 6.51 (d, J = 8.1 Hz, 1H), 6.66 (d, J = 7.9 Hz, 1H), 7.47-7.60 (m, 3H), 7.81-7.92 (m, 2H). 
13C NMR (100 MHz, CDCl3): δ 5.23, 5.4, 12.1, 23.0, 31.2, 33.6, 35.4, 38.4, 50.6, 55.4, 56.4, 62.9, 84.9, 112.6, 









To a solution of the mixture of 17 (11.0 mg, 0.0235 mmol) in CH2Cl2 (1 mL), Et3N (9.8 µL, 0.0704 mmol) and 
trans-3-furanacryloyl chloride (5.5 mg, 0.0352 mmol) were added, and the mixture was stirred at room 
temperature under Ar atmosphere for 1 hour. The reaction mixture was added sat. NaHCO3 aq. (10 mL), the 
mixture extracted with CHCl3 (20, 10, 5 mL). The combined organic extracts were dried over Na2SO4, and 
concentrated. The residue was purified by preparative TLC (0.25 mm, hexane/EtOAc 2/1, 0.25 mm, 
CHCl3/MeOH 100/3) to give B-2 (12.5 mg, 91%) as a colorless oil. HR-MS (ESI): Calcd for C33H36N2O6SNa 
[M+Na]+: 611.21918. Found: 611.21734. IR (NaCl, cm-1): 2935.13, 1732.73, 1651.73, 1607.38, 1504.2. 1H 
NMR (400 MHz, CDCl3): δ 0.01-0.09 (m, 1H), 0.12-0.20 (m, 1H), 0.38-0.49 (m, 2H), 0.90-1.01 (m, 1H), 1.01-
1.15 (m, 1H), 1.51-1.75 (m, 3H), 1.80-1.96 (m, 1H), 2.58-2.88 (m, 3H), 2.92-3.04 (m, 3H), 3.10-3.20 (m, 2H), 
3.68 (dq, J = 5.0, 9.2 Hz, 1H), 3.80 (s, 2.8H), 3.84 (s, 1.2H), 5.00 (t, J = 8.7 Hz, 0.7H), 5.29 (t, J = 8.7 Hz, 
0.3H), 6.38-6.83 (m, 4H), 7.35-7.63 (m, 6H), 7.84-7.95 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 0.1, 4.9, 5.7, 
12.1, 27.0, 27.2, 27.6, 28.0, 28.3, 38.1, 39.2, 50.3, 56.8, 57.6, 58.8, 85.8, 107.5, 107.8, 115.1, 118.5, 120.3, 








According to the synthetic protocol of B-2, 17’ (11.2 mg, 0.0239 mmol) was converted to B-2’ (14.0 mg, 99%) 
as a colorless oil. HR-MS (ESI): Calcd for C33H36N2O6SNa [M+Na]+: 611.21918. Found: 611.22144. IR (NaCl, 
cm-1): 2936.09, 1732.73, 1652.7, 1605.45, 1508.06. 1H NMR (400 MHz, CDCl3): δ 0.27-0.37 (m, 2H), 0.55-
0.66 (m, 2H), 0.85-0.98 (m, 1H), 1.07-1.16 (m, 1H), 1.37-1.47 (m, 1H), 1.48-1.70 (m, 3H), 2.37-2.45 (m, 1H), 
2.64 (dd, J = 6.4, 14.7 Hz, 1H), 2.82 (dd, J = 10.5, 14.7 Hz, 1H), 3.11-3.14 (m, 1H), 3.16 (s, 3H), 3.29 (dd, J 
= 6.4, 15.1 Hz, 1H), 3.46-3.54 (m, 1H), 3.79-3.85 (m, 1H), 3.86 (s, 3H), 4.89 (ddd, J = 3.2, 5.5, 12.8 Hz, 1H), 
5.32 (dd, J = 2.8, 10.1 Hz, 1H), 6.54 (d, J = 8.2 Hz, 1H), 6.61 (s, 1H), 6.64 (d, J = 15.1 Hz, 1H), 6.69 (d, J = 
8.2 Hz, 1H), 7.43 (s, 1H), 7.49-7.61 (m, 4H), 7.65 (s, 1H), 7.83-7.88 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 
0.1, 5.4, 5.7, 12.3, 19.2, 26.0, 31.5, 32.2, 33.9, 41.3, 50.3, 50.5, 56.7, 61.8, 86.2, 107.6, 113.6, 117.6, 118.8, 









To a solution of 9 (325 mg, 0.986 mmol) in MeOH (30 mL), zinc powder (968 mg, 14.8 mmol) and Et3N·HCl 
(2.04 g, 14.8 mmol) were added, and the mixture was stirred at 90 °C under Ar atmosphere for 10 hours. 
Et3N·HCl (2.39 g, 18.1 mmol) was added and stirring continued until the reaction was completed. The reaction 
mixture was filtrated with Celite and the filtrate was concentrated. The residue was added 30% NH3 aq. (20 
mL) and extracted with CHCl3 (50, 30, 20 mL). The combined organic extracts were dried over Na2SO4, and 
concentrated. The residue was purified by silica gel column chromatography (CHCl3/MeOH/30% NH3 aq. 
20/0.9/0.1) to give 18 (217 mg, 71%) as an orange oil. HR-MS (ESI): Calcd for C19H25NO4 [M+H]+: 332.18696. 
Found: 332.18618. IR (NaCl, cm-1): 3411.46, 2927.41, 1713.44, 1496.49, 1281.47. 1H NMR (400 MHz, 
CDCl3): δ 0.04-0.12 (m, 1H), 0.16-0.24 (m, 1H), 0.43-0.60 (m, 2H), 0.89-1.03 (m, 1H), 1.62 (td, J = 3.2, 14.2 
Hz, 1H), 1.85-1.94 (m, 1H), 2.24 (dt, J = 3.2, 13.3 Hz, 1H), 2.53 (dd, J = 7.8, 11.9 Hz, 1H), 2.70 (dd, J = 6.0, 
11.9 Hz, 1H), 2.76-2.87 (m, 2H), 2.99 (td, J = 4.6, 14.2 Hz, 1H), 3.07 (d, J = 17.4 Hz, 1H), 3.81 (brd, J = 8.7 
Hz, 1H), 3.91 (s, 3H), 5.19 (d, J = 8.7 Hz, 1H), 6.65 (d, J = 8.2 Hz, 1H), 6.74 (d, J = 8.2 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 3.7, 3.7, 11.6, 29.3, 31.6, 35.7, 49.0, 54.0, 57.0, 61.6, 71.0, 86.6, 115.6, 121.8, 122.1, 







To a solution of 18 (217 mg, 0.654 mmol) in pyridine (2 mL), copper powder (42.3 mg, 0.654 mmol), K2CO3 
(453 mg, 3.27 mmol), and bromobenzene (2 mL) were added, and the mixture was stirred at 120 °C under Ar 
atmosphere for 4 hours. The reaction mixture was filtrated with Celite and the filtrate was concentrated. The 
residue was purified by silica gel column chromatography (CHCl3/MeOH/30% NH3 aq. 30/0.9/0.1) to give 
ES-2 (204 mg, 76%) as a brown oil. HR-MS (ESI): Calcd for C25H30NO4 [M+H]+: 408.21748. Found: 
408.21579. IR (NaCl, cm-1): 3417.24, 2918.73, 1712.48, 1491.67, 1281.47. 1H NMR (400 MHz, CDCl3): δ 
0.07-0.21 (m, 2H), 0.45-0.57 (m, 2H), 0.92-1.03 (m, 1H), 1.76-1.87 (m, 1H), 2.23 (dd, J = 13.3, 16.5 Hz, 1H), 
2.32-2.49 (m, 3H), 2.59 (td, J = 7.3, 11.9 Hz, 1H), 2.61 (td, J = 6.4, 11.9 Hz, 1H), 2.79 (dd, J = 9.2, 16.0 Hz, 
1H), 2.88 (ddd, J = 1.4, 5.5, 16.5 Hz, 1H), 3.19 (dd, J = 5.5, 16.0 Hz, 1H), 3.24-3.31 (m, 2H), 3.69 (s, 3H), 
6.77-6.88 (m, 3H), 6.95-7.02 (m, 2H), 7.21-7.26 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 3.5, 3.6, 11.8, 32.1, 










To a solution of ES-2 (187 mg, 0.458 mmol) in benzene (10 mL), ethylene glycol (766 μL, 13.7 mmol) and p-
TsOH·H2O (131 mg, 0.687 mmol) were added, and the mixture was refluxed at 140 °C under Ar atmosphere 
for 1 hour. After cooling to room temperature, the reaction mixture was added sat. NaHCO3 aq. (3 mL) and 
H2O (10 mL), the mixture extracted with CHCl3 (20, 15, 10 mL). The combined organic extracts were dried 
over Na2SO4, and concentrated. The residue was purified by silica gel column chromatography 
(CHCl3/MeOH/30% NH3 aq. 20/0.9/0.1) to give 19 (175 mg, 85%) as a colorless amorphous. HR-MS (ESI): 
Calcd for C27H34NO5 [M+H]+: 452.24370. Found: 452.24196. IR (KBr, cm-1): 3468.35, 2949.59, 1597.73, 
1492.63, 1440.56. 1H NMR (400 MHz, CDCl3): δ 0.09-0.19 (m, 2H), 0.44-0.55 (m, 2H), 0.92-1.03 (m, 1H), 
1.36 (t, J = 13.7 Hz, 1H), 1.62-1.78 (m, 3H), 2.13 (brdt, J = 2.8, 13.7 Hz, 1H), 2.31 (d, J = 6.4 Hz, 1H), 2.55-
2.61 (m, 2H), 2.70 (dd, J = 10.5, 16.0 Hz, 1H), 3.14 (dd, J = 6.4, 16.5 Hz, 1H), 3.20-3.28 (m, 2H), 3.70 (s, 3H), 
3.71-3.94 (m, 4H), 6.80-6.86 (m, 3H), 6.93-6.99 (m, 2H), 7.21-7.26 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 
3.4, 3.6, 11.9, 32.4, 32.6, 32.9, 39.1, 41.5, 51.0, 53.6, 56.1, 64.1, 64.4, 71.7, 108.1, 111.1, 114.7, 121.5, 125.8, 







Under nitrogen flow, to the liquid ammonia (ca. 30 mL) was added the solution of 19 (157 mg, 0.348 mmol) 
in toluene (3 mL) at -33 °C. To the solution was added sodium (585 mg, 25.4 mmol) was added potionwise 
and stirred for 3 hours at the same temperature. EtOH (20 mL) was added to the solution and stirred at room 
temperature. After disappearance of liquid ammonia, the resulting solution was poured into sat. NaHCO3 aq. 
(10 mL) and extracted with CH2Cl2 (30, 20, 10, 10, 5 mL). The combined organic extracts were dried over 
Na2SO4, and concentrated. The residue was purified by silica gel column chromatography (CHCl3 to 
CHCl3/MeOH/30% NH3 aq. 25/1.8/0.2) to give 20 (117 mg, 94%) a colorless amorphous. HR-MS (ESI): Calcd 
for C21H30NO4 [M+H]+: 360.21748. Found: 360.21711. IR (KBr, cm-1): 3084.58, 2940.91, 1609.31, 1507.1, 
1235.18. 1H NMR (400 MHz, CDCl3): δ 0.06-0.19 (m, 2H), 0.43-0.55 (m, 2H), 0.91-1.02 (m, 1H), 1.56-1.86 
(m, 4H), 1.98-2.06 (m, 1H), 2.18-2.26 (m, 1H), 2.55-2.59 (m, 2H), 2.68 (dd, J = 8.7, 16.1 Hz, 1H), 3.00-3.17 
(m, 3H), 3.77 (s, 3H), 3.89-4.08 (m, 4H), 6.65-6.68 (m, 1H), 6.70 (dd, J = 2.3, 8.3 Hz, 1H), 6.99 (d, J = 8.3 
Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 3.5, 3.6, 11.8, 31.7, 32.0, 32.3, 41.2, 45.6, 53.2, 53.7, 55.4, 64.5, 71.5, 









To a solution of 20 (104 mg, 0.289 mmol) in CH2Cl2 (5 mL), DIPEA (148 μL, 0.866 mmol) and 
benzenesulfonyl chloride (44.2 μL, 0.347 mmol) were added, and the mixture was stirred at room temperature 
under Ar atmosphere for 20 hours. Et3N (200 μL, 1.15 mmol) and benzenesulfonyl chloride (140 μL, 1.10 
mmol) were added and stirring continued until the reaction was completed. The reaction mixture was added 
sat. NaHCO3 aq. (5 mL), the mixture extracted with CHCl3 (6, 5, 4 mL). The combined organic extracts were 
dried over Na2SO4, and concentrated. The residue was roughly purified by silica gel column chromatography 
(CH2Cl2/acetone 10:1) to give a mixture of 21 and its precursor that was used in the next reaction without 
further purification. 
To a solution of the crude mixture in MeOH (3 mL), 2 M HCl aq. (3 mL) was added, and the mixture was 
stirred at 60 °C under Ar atmosphere for 3 hours. Acetone (5 mL) was added and stirring continued until the 
reaction was completed. The reaction mixture was concentrated, and the residue was purified by silica gel 
column chromatography (benzene/acetone 30/1) to give 21 (73.8 mg, 59% in 2 steps) as a colorless oil. HR-
MS (ESI): Calcd for C25H29NO5SNa [M+Na]+: 478.16641. Found: 478.16452. IR (NaCl, cm-1): 3494.38, 
2923.56, 1714.41, 1505.17, 1329.68. 1H NMR (400 MHz, CDCl3): δ 0.20-0.47 (m, 2H), 0.47-0.60 (m, 2H), 
1.88-2.13 (m, 2H), 2.30-2.90 (m, 7H), 3.00-3.50 (m, 4H), 3.75 (s, 3H), 4.49 (brs, 1H), 6.58 (d, J = 2.3 Hz, 1H), 
6.71 (dd, J = 2.3, 8.7 Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H), 7.52-7.66 (m, 3H), 7.88-7.95 (m, 2H). 13C NMR (100 
MHz, CDCl3): δ 4.6, 6.2, 12.0, 28.6, 29.8, 34.3, 37.0, 46.5, 50.4, 55.4, 72.6, 113.2, 113.6, 127.5, 128.5, 129.4, 









To a solution of 21 (67.0 mg, 0.147 mmol) in MeOH/THF (3/2; 5 mL), MeNH2·HCl (150 mg, 2.21 mmol) and 
NaBH3CN (19.0 mg, 0.294 mmol) were added, and the mixture was stirred at room temperature under Ar 
atmosphere for 4 hours. The reaction mixture was added sat. NaHCO3 aq. (3 mL), the mixture extracted with 
CHCl3 (15, 10, 10 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue 
was purified by silica gel column chromatography (CHCl3/MeOH/30% NH3 aq. 50/0.9/0.1 to 8/0.9/0.1) and 
preparative TLC (0.5 mm, CHCl3/MeOH/30% NH3 aq. 10/0.9/0.1) to give 22 (18.2 mg, 26%) and 22’ (31.7 
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mg, 46%) as colorless oils, respectively. 22: HR-MS (ESI): Calcd for C26H35N2O4S [M+H]+: 471.23175. 
Found: 471.22973. IR (NaCl, cm-1): 3314.07, 2933.2, 1611.23, 1504.2, 1446.35. 1H NMR (400 MHz, CDCl3): 
δ 0.19-0.53 (m, 4H), 1.14-1.36 (m, 1H), 1.62-2.44 (m, 7H), 2.48 (s, 3H), 2.82 (brt, J = 2.8 Hz, 1H), 3.07 (dd, 
J = 4.1, 12.8 Hz, 1H), 3.08-3.17 (m, 1H), 3.27 (dd, J = 6.9, 14.7 Hz, 1H), 3.39 (dd, J = 6.4, 15.1 Hz, 1H), 3.73 
(s, 3H), 4.41-4.53 (m, 1H), 6.63 (d, J = 2.8 Hz, 1H), 6.66 (dd, J = 2.8, 8.2 Hz, 1H), 6.80 (d, J = 8.7 Hz, 1H), 
7.47-7.62 (m, 3H), 7.86-7.95 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 4.8, 6.0, 12.0, 25.9, 28.5, 29.9, 34.1, 
39.0, 46.3, 49.9, 53.9, 55.4, 73.7, 112.5, 114.1, 126.1, 127.6, 129.2, 129.6, 132.6, 139.4, 141.2, 158.3. 22’: 
HR-MS (ESI): Calcd for C26H35N2O4S [M+H]+: 471.23175. Found: 471.23034. IR (NaCl, cm-1): 3309.25, 
2937.06, 1611.23, 1504.2, 1446.35. 1H NMR (400 MHz, CDCl3): δ 0.22-0.54 (m, 4H), 1.08-2.24 (m, 7H), 2.17 
(brdd, J = 2.3, 13.7 Hz, 1H), 2.32 (dd, J = 6.0, 16.0 Hz, 1H), 2.39-2.46 (m, 3H), 2.54-2.76 (m, 3H), 3.06 (dd, 
J = 12.2, 15.6 Hz, 1H), 3.29 (dd, J = 7.3, 15.1 Hz, 1H), 3.41 (dd, J = 6.0, 15.1 Hz, 1H), 3.75 (s, 3H), 4.53 (dd, 
J = 6.0, 11.9 Hz, 1H), 6.57-6.71 (m, 2H), 6.80 (d, J = 8.7 Hz, 1H), 7.47-7.66 (m, 3H), 7.86-7.98 (m, 2H). 13C 
NMR (100 MHz, CDCl3): δ 4.8, 6.0, 12.1, 28.1, 28.5, 33.6, 34.4, 42.3, 49.7, 51.9, 54.0, 55.4, 58.1, 74.0, 113.0, 







According to the synthetic protocol of B-1, 22 (14.8 mg, 0.0314 mmol) was converted to C-1 (10.7 mg, 85%) 
as a pale-yellow oil. HR-MS (ESI): Calcd for C33H38N2O6SNa [M+Na]+: 613.23483. Found: 613.23389. IR 
(NaCl, cm-1): 3492.45, 2938.02, 1699.94, 1649.8, 1607.38. 1H NMR (400 MHz, CDCl3): δ 0.02-0.34 (m, 2H), 
0.37-0.56 (m, 2H), 0.96-1.17 (m, 1H), 1.27-1.60 (m, 2H), 1.71-1.96 (m, 1H), 2.03-2.44 (m, 3H), 2.49-2.83 (m, 
3H), 2.83-3.30 (m, 7H), 3.60-4.01 (m, 5H), 6.45-7.00 (m, 5H), 7.26-7.46 (m, 2H), 7.51-7.71 (m, 6H), 7.86-
7.96 (m, 2H). 13C NMR (100 MHz, CDCl3): 4.4, 6.1, 12.2, 25.9, 28.0, 29.8, 31.2, 35.1, 42.9, 47.9, 51.4, 55.7, 
61.7, 71.0, 107.6, 111.8, 112.8, 117.4, 123.3, 127.5, 129.3, 133.0, 136.5, 138.6, 140.1, 144.0, 144.6, 145.0, 







According to the synthetic protocol of B-1, 22’ (18.0 mg, 0.0382 mmol) was converted to C-1' (25.4 mg, 
quant.) as a colorless oil. HR-MS (ESI): Calcd for C33H38N2O6SNa [M+Na]+: 613.23483. Found: 613.23615. 
IR (NaCl, cm-1): 3374.82, 2934.16, 1650.77, 1590.99, 1504.2. 1H NMR (400 MHz, CDCl3): δ 0.21-0.31 (m, 
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1H), 0.36-0.55 (m, 3H), 1.22-1.33 (m, 1H), 1.54-1.75 (m, 3H), 1.83-2.05 (m, 2H), 2.14-2.29 (m, 2H), 2.29-
2.44 (m, 1H), 2.72-2.83 (m, 1H), 2.94 (dd, J = 11.9, 16.0 Hz, 1H), 2.98 (s, 3H), 3.15 (dd, J = 12.8, 15.6 Hz, 
1H), 3.28 (dd, J = 7.3, 15.1 Hz, 1H), 3.41 (dd, J = 6.0 Hz, 15.1H), 3.73 (s, 3H), 4.68 (dd, J = 5.5, 12.4 Hz, 1H), 
4.87-4.97 (m, 1H), 6.53-6.74 (m, 3H), 6.68 (dd, J = 2.3, 8.2 Hz, 1H), 8.7 (d, J = 8.7 Hz, 1H), 7.40-7.46 (m, 
1H), 7.50-7.68 (m, 5H), 7.89-7.95 (m, 2H). 13C NMR (100 MHz, CDCl3): 4.7, 6.2, 11.9, 24.6, 28.3, 30.0, 34.4, 
38.0, 49.7, 51.7, 51.8, 54.3, 55.4, 73.2, 107.6, 113.6, 117.7, 123.2, 125.6, 127.5, 129.2, 129.8, 132.7, 133.0, 







According to the synthetic protocol of 18, 15 (592 mg, 1.89 mmol) was converted to 23 (500 mg, 84%) as an 
orange oil. HR-MS (ESI): Calcd for C19H26NO3 [M+H]+: 316.19127. Found: 316.19023. IR (NaCl, cm-1): 
3316.96, 2908.13, 1706.69, 1494.56, 1279.54. 1H NMR (400 MHz, CDCl3): δ 0.09-0.23 (m, 2H), 0.44-0.61 
(m, 2H), 0.94-1.06 (m, 1H), 1.85-1.96 (m, 1H), 1.98-2.04 (m, 1H), 2.25 (dd, J = 12.8, 14.7 Hz, 1H), 2.31-2.61 
(m, 5H), 2.69 (dd, J = 6.9, 11.9 Hz, 1H), 2.93 (ddd, J = 4.6, 1.8, 15.1), 3.20-3.33 (m, 3H), 3.61 (dt, J = 4.6, 
12.8 Hz, 1H), 3.86 (s, 3H), 6.62 (d, J = 8.2 Hz, 1H), 6.72 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 








According to the synthetic protocol of ES-2, 23 (27.9 mg, 0.0885 mmol) was converted to ES-3 (31.0 mg, 
90%) as an orange oil. HR-MS (ESI): Calcd for C25H30NO3 [M+H]+: 392.22257. Found: 392.22092. IR (NaCl, 
cm-1): 3322.75, 2910.06, 1711.51, 1597.73, 1493.6. 1H NMR (400 MHz, CDCl3): δ 0.10-0.20 (m, 2H), 0.47-
0.57 (m, 2H), 0.95-1.05 (m, 1H), 1.41 (br, 1H), 1.77 (td, J = 5.5, 13.7, 16.9 Hz, 1H), 1.88-1.96 (m, 1H), 2.24-
2.49 (m, 4H), 2.52-2.64 (m, 2H), 2.69 (dd, J = 6.9, 11.9 Hz, 1H), 2.87 (ddd, J = 1.4, 5.0, 15.6 Hz, 1H), 3.25-
3.38 (m, 3H), 3.70 (s, 3H), 6.80 (m, 2H), 6.86 (d, J = 8.2 Hz, 1H), 6.94-7.01 (m, 2H), 7.21-7.28 (m, 2H). 13C 
NMR (100 MHz, CDCl3): δ 3.4, 3.7, 11.8, 25.6, 36.4, 37.0, 37.6, 38.0, 44.6, 49.5, 52.2, 56.2, 111.7, 114.7, 









According to the synthetic protocol of 19, ES-3 (373 mg, 0.952 mmol) was converted to 24 (388 mg, 94%) as 
a pale-yellow oil. HR-MS (ESI): Calcd for C27H34NO4 [M+H]+: 436.24878. Found: 436.24843. IR (NaCl, cm-
1): 2941.88, 1598.7, 1491.67, 1440.56, 1280.5. 1H NMR (400 MHz, CDCl3): δ 0.11-0.17 (m, 2H), 0.46-0.54 
(m, 2H), 0.94-1.05 (m, 1H), 1.40 (t, J = 13.3 Hz, 1H), 1.52 (brs, 1H), 1.56 (dd, J = 2.3, 11.9 Hz, 1H), 1.64 (dd, 
J = 3.2, 13.7 Hz, 1H), 1.68-1.78 (m, 2H), 2.04 (dt, J = 3.2, 13.3 Hz, 1H), 2.09-2.17 (m, 1H), 2.46 (dd, J = 6.9, 
11.9 Hz, 1H), 2.52 (dd, J = 11.0, 16.5 Hz, 1H), 2.67 (dd, J = 6.9, 11.9 Hz, 1H), 3.12-3.23 (m, 2H), 3.27 (dt, J 
= 4.1, 12.8 Hz, 1H), 3.70 (s, 3H), 3.72-3.80 (m, 2H), 3.80-3.93(m, 2H), 6.78-6.85 (m, 3H), 6.91-6.99 (m, 2H), 
7.20-7.28 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 3.4, 3.7, 11.8, 23.4, 30.4, 35.1, 36.6, 37.2, 37.9, 48.9, 52.4, 







According to the synthetic protocol of 20, 24 (103 mg, 0.236 mmol) was converted to 25 (77.4 mg, 95%) as a 
colorless oil. HR-MS (ESI): Calcd for C21H30NO3 [M+H]+: 344.22257. Found: 344.22094. IR (NaCl, cm-1): 
3334.32, 2944.77, 1611.23, 1503.24, 1240. 1H NMR (400 MHz, CDCl3): δ 0.11-0.17 (m, 2H), 0.48-0.53 (m, 
2H), 0.95-1.04 (m, 1H), 1.46 (brs, 1H), 1.54-1.69 (m, 2H), 1.71-1.94 (m, 4H), 2.16 (dq, J = 2.8, 13.7 Hz, 1H), 
2.42-2.52 (m, 2H), 2.67 (dd, J = 6.4, 11.5 Hz, 1H), 3.07-3.16 (m, 3H), 3.77 (s, 3H), 3.91-4.08 (m, 4H), 6.61 
(d, J = 2.3 Hz, 1H), 6.70 (dd, J = 2.8, 8.2 Hz, 1H), 6.99 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 








According to the synthetic protocol of 21, 25 (328 mg, 0.955 mmol) was converted to 26 (64.0 mg, 94% in 2 
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steps) as a colorless oil. HR-MS (ESI): Calcd for C25H29NO4SNa [M+Na]+: 462.17150. Found: 462.17064. IR 
(NaCl, cm-1): 2956.34, 1711.51, 1612.2, 1583.27, 1505.17. 1H NMR (400 MHz, CDCl3): δ 0.20-0.31 (m, 2H), 
0.51-0.61 (m, 2H), 1.06-1.16 (m, 1H), 1.82-1.94 (m, 1H), 2.22-2.38 (m, 2H), 2.44-2.63 (m, 4H), 2.76 (td, J = 
6.0, 15.1 Hz, 1H), 2.86 (dd, J = 11.5, 15.6 Hz, 1H), 2.98 (dd, J = 7.3, 15.1 Hz, 1H), 3.30 (dd, J = 6.0, 15.1 Hz, 
1H), 3.34-3.42 (dt, J = 5.7, 11.4 Hz, 1H), 3.75 (s, 3H), 4.56 (td, J = 5.7, 11.2 Hz, 1H), 6.57 (d, J = 2.8 Hz, 1H), 
6.69 (dd, J = 2.8, 8.2 Hz, 1H), 6.84 (d, J = 8.2 Hz, 1H), 7.50-7.64 (m, 3H), 7.88-7.93 (m, 2H). 13C NMR (100 
MHz, CDCl3): δ 4.7, 6.8, 12.0, 26.8, 31.8, 36.4, 37.1, 43.0, 47.0, 48.8, 52.9, 55.4, 112.4, 113.4, 125.5, 127.2, 









According to the synthetic protocol of 22 and 22’, 26 (20.7 mg, 0.0471 mmol) was converted to 27 (11.5 mg, 
54%) as a colorless oil and 27’ (7.1 mg, 33%) as a pale-yellow oil. 27: HR-MS (ESI): Calcd for C26H35N2O3S 
[M+H]+: 455.23684. Found: 455.23761. IR (NaCl, cm-1): 2931.27, 1610.27, 1504.2, 1445.39, 1329.68. 1H 
NMR (400 MHz, CDCl3): δ 0.17-0.28 (m, 2H), 0.47-0.59 (m, 2H), 1.03-1.14 (m, 1H), 1.32-1.44 (m, 1H), 1.59-
1.82 (m, 5H), 1.91 (t, J = 10.8 Hz, 1H), 2.13 (dq, J = 5.0, 10.1 Hz, 1H), 2.49 (s, 3H), 2.52 (dd, J = 6.0, 15.6 
Hz, 1H), 2.77 (dd, J = 11.5, 15.6 Hz, 1H), 2.81 (brs, 1H), 2.97 (dd, J = 7.3, 15.1 Hz, 1H), 3.19-3.28 (m, 2H), 
3.76 (s, 3H), 4.26 (m, 1H), 6.60-6.69 (m, 2H), 6.82 (d, J = 8.2 Hz, 1H), 7.47-7.61 (m, 3H), 7.3 (d, J = 7.3 Hz, 
2H). 13C NMR (100 MHz, CDCl3): δ 4.9, 6.4, 12.1, 22.3, 26.0, 32.1, 34.2, 35.6, 36.1, 37.3, 48.9, 54.2, 55.4, 
111.9, 113.0, 126.7, 127.3, 129.1, 129.4, 132.4, 141.7, 141.7, 158.2. 27’: HR-MS (ESI): Calcd for 
C26H35N2O3S [M+H]+: 455.23684. Found: 455.23909. IR (NaCl, cm-1): 3322.75, 2932.23, 1611.23, 1504.2, 
1446.35. 1H NMR (400 MHz, CDCl3): δ 0.15-0.25 (m, 2H), 0.46-0.57 (m, 2H), 1.01-1.15 (m, 1H), 1.20-1.33 
(m, 2H), 1.47 (tt, J = 4.1, 13.7 Hz, 1H), 1.69-1.79 (m, 1H), 2.04 (dd, J = 2.3, 13.3 Hz, 1H), 2.13 (brs, 2H), 2.28 
(d, J = 14.2 Hz, 1H), 2.45 (s, 3H), 2.48-2.61 (m, 2H), 2.77 (brs, 1H), 2.92 (dd, J = 7.3, 15.1 Hz, 1H), 2.91-2.98 
(m, 1H), 3.23 (dd, J = 6.0, 15.1 Hz, 1H), 3.75 (s, 3H), 4.42 (m, 1H), 6.61 (d, J = 3.2 Hz, 1H), 6.66 (dd, J = 3.2, 
8.5 Hz, 1H), 6.79 (d, J = 8.5 Hz, 1H), 7.47-7.60 (m, 3H), 7.88-7.93 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 
4.9, 6.4, 12.0, 25.4, 26.7, 32.0, 33.0, 35.9, 39.2, 41.9, 48.6, 52.2, 55.4, 58.6, 112.7, 112.9, 125.9, 127.4, 129.1, 









According to the synthetic protocol of B-1, 27 (17.1 mg, 0.0376 mmol) was converted to C-2 (10.7 mg, 85%) 
as a pale-yellow oil. HR-MS (ESI): Calcd for C33H38N2O5SNa [M+Na]+: 597.23991. Found: 597.23797. IR 
(NaCl, cm-1): 2929.34, 1651.73, 1607.38, 1446.35, 1327.75. 1H NMR (400 MHz, CDCl3): δ 0.26 (m, 2H), 0.57 
(m, 2H), 1.08 (brs, 1H), 1.45-1.71 (m, 2H), 1.82 (brs, 2.6H), 2.07 (brs, 0.4H), 2.17-2.27 (m, 1H), 2.41 (brs, 
1.6H), 2.57 (brs, 0.4H), 2.81 (t, J = 13.3 Hz, 1H), 2.96 (br, 1.2H), 3.02 (br, 1.8H), 3.14-3.34 (m, 3H), 3.37-
3.48 (brs, 0.6H), 3.49-3.59 (m, 0.4H), 3.72 (s, 1.2H), 3.93 (s, 1.8H), 4.17 (brs, 0.4H), 4.87 (br, 0.6H), 6.56-
6.77 (m, 3H), 6.83-7.02 (m, 1H), 7.40-7.69 (m, 7H), 7.85-7.91 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 4.9, 
5.9, 12.1, 29.5, 29.7, 30.0, 30.9, 32.2, 37.0, 41.3, 48.3, 50.5, 55.8, 61.1, 107.6, 110.1, 111.7, 112.1, 117.1, 







According to the synthetic protocol of B-1, 27’ (10.0 mg, 0.0220 mmol) was converted to C-2' (10.7 mg, 85%) 
as a colorless oil. HR-MS (ESI): Calcd for C33H38N2O5SNa [M+Na]+: 597.23991. Found: 597.23842. IR (NaCl, 
cm-1): 2922.59, 2852.2, 1771.3, 1721.16, 1634.38. 1H NMR (400 MHz, CDCl3): δ 0.17-0.29 (m, 2H), 0.47-
0.60 (m, 2H), 1.01-1.15 (m, 1H), 1.38-1.52 (m, 1H), 1.57-1.72 (m, 2H), 1.78-1.95 (m, 2H), 2.14 (brs, 1H), 
2.34 (d, J = 13.7 Hz, 1H), 2.58 (dd, J = 5.0, 15.6 Hz, 1H), 2.80-3.01 (m, 2H), 2.96 (s, 3H), 3.12-3.29 (m, 2H), 
3.75 (s, 3H), 3.93 (brs, 0.3H), 4.45-4.63 (m, 1H), 4.74-4.86 (m, 0.7H), 6.55-6.63 (m, 3H), 6.67 (dd, J = 2.3, 
7.8 Hz, 1H), 6.81 (d, J = 8.2 Hz, 1H), 7.41-7.66 (m, 6H), 7.92 (d, J = 7.3 Hz, 2H). 13C NMR (100 MHz, 
CDCl3): δ 0.1, 4.9, 6.7, 11.9, 23.0, 25.5, 28.2, 29.9, 32.4, 35.7, 41.9, 48.4, 52.2, 55.5, 107.6, 112.5, 113.6, 
118.0, 127.4, 129.2, 129.9, 132.6, 132.7, 141.0, 141.6, 144.1, 144.2, 158.3, 166.4. 
 
tert-butyl (cyclopropylmethyl)((4aR,4a1S,5R,7aS)-5-((E)-3-(furan-3-yl)-N-methylacrylamido)-7a- 








To a solution of 10 (316 mg, 0.735 mmol) in MeOH (15 mL), MeNH2·HCl (499 mg, 7.35 mmol) and 
NaBH3CN (69.6 mg, 1.10 mmol) were added, and the mixture was stirred at room temperature under Ar 
atmosphere for 10 hours. NaBH3CN (14.5 mg, 0.23 mmol) was added and stirring continued until the reaction 
was completed. The reaction mixture was added sat. NaHCO3 aq. (5 mL), the mixture extracted with CHCl3 
(30, 30, 30 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue was 
purified by silica gel column chromatography (acetone/MeOH/30% NH3 aq. 5/0.18/0.02) to give a mixture of 
12 and 12’ that was used in the next reaction without further purification. 
To a solution of the mixture of 12 and 12’ in CH2Cl2 (2 mL), Et3N (200 μL, 1.44 mmol) and trans-3-
furanacryloyl chloride (90.3 mg, 0.577 mmol) were added, and the mixture was stirred at room temperature 
under Ar atmosphere for 1 hour. The reaction mixture was added sat. NaHCO3 aq. (3 mL), the mixture 
extracted with CH2Cl2 (5, 5, 5 mL). The combined organic extracts were dried over Na2SO4, and concentrated. 
The residue was purified by silica gel column chromatography (hexane/acetone 3/1) and preparative TLC (0.5 
mm, hexane/acetone 2/1) to give D-1 (= 13) (177 mg, 42%) and 13’ (61.9 mg, 15%) as colorless oils, 
respectively. D-1 (= 13): HR-MS (ESI): Calcd for C32H40N2O7Na [M+Na]+: 587.27332. Found: 587.27148. IR 
(NaCl, cm-1): 3420.14, 2977.55, 1652.7, 1606.41, 1408.75. 1H NMR (400 MHz, CDCl3): δ 0.13-0.09 (m, 2H), 
0.33-0.46 (m, 2H), 1.00 (br, 1H), 1.28-1.38 (m, 1H), 1.44 (m, 10H), 1.52-1.66 (m, 1H), 1.96-2.26 (m, 1.2H), 
2.36 (dd, J = 6.0, 12.8 Hz, 0.8H), 2.91 (s, 2.3H), 3.05 (s, 0.7H), 3.10-3.24 (m, 2H), 3.29-3.48 (m, 2H), 3.60 
(brs, 1H), 3.69-3.88 (m, 4H), 4.37 (brs, 0.2H), 4.47 (brs, 0.8H), 5.04 (t, J = 7.8 Hz, 0.8H), 5.14 (t, J = 7.8 Hz, 
0.2H), 6.28 (d, J = 15.6 Hz, 0.8H), 6.35 (s, 0.8H), 6.50-6.70 (m, 1.6H), 6.78 (d, J = 8.2 Hz, 0.8H), 7.29-7.56 
(m, 3H). 13C NMR (100 MHz, CDCl3): δ 3.9, 5.2, 11.9, 22.6, 28.4, 29.7, 31.8, 33.4, 44.4, 48.7, 54.0, 56.8, 58.3, 
74.9, 80.9, 85.5, 107.6, 115.7, 118.2, 120.3, 123.3, 123.7, 128.3, 132.0, 143.5, 143.6, 144.3, 145.2, 159.2, 
167.6. 13’: HR-MS (ESI): Calcd for C32H40N2O7Na [M+Na]+: 587.27332. Found: 587.27149. IR (NaCl, cm-
1): 3418.21, 2972.73, 1652.7, 1604.48, 1505.17. 1H NMR (400 MHz, CDCl3): δ 0.12- 0.26 (brs, 2H), 0.48-
0.61 (brs, 2H), 1.01-1.12 (brs, 1H), 1.45-1.58 (m, 11H), 1.77-1.89 (brs, 1H), 2.94- 3.66 (m, 8.5H), 3.87 (brs, 
4.5H), 5.24-5.55 (m, 1.5H), 6.54-6.79 (m, 4.5H), 7.38-7.45 (m, 1.6H), 7.45-7.66 (m, 2.4H). 13C NMR (100 
MHz, CDCl3): δ 4.2, 11.4, 18.4, 19.5, 28.5, 31.0, 32.2, 34.0, 48.7, 51.2, 56.8, 73.8, 80.7, 86.4, 107.6, 114.3, 
118.1, 118.9, 121.6, 123.3, 130.2, 132.5, 142.0, 143.9, 144.1, 147.2, 165.7, 167.0, 208.4. 
 
(E)-N-((3R,3aR,3a1S,9aS)-9-((cyclopropylmethyl)amino)-9a-hydroxy-5-methoxy-1,2,3,3a,3a1,8, 9,9a- 




To a solution of D-1 (= 13) (99.1 mg, 0.175 mmol) in MeOH (2 mL), 2 M HCl aq. (2 mL) was added, and the 
mixture was stirred at 60 °C under Ar atmosphere for 14 hours. The reaction mixture was added sat. NaHCO3 
aq. (9 mL), the mixture extracted with CHCl3 (20, 15, 10 mL). The combined organic extracts were dried over 
Na2SO4, and concentrated. The residue was purified by silica gel column chromatography 
(hexane/acetone/MeOH/30% NH3 aq. 3/1/0.09/0.01) to give D-2 (= ES-1β) (80.8 mg, 99%) as a colorless oil. 
HR-MS (ESI): Calcd for C27H33N2O5 [M+H]+: 465.23895. Found: 465.23852. IR (NaCl, cm-1): 3320.82, 
2937.06, 1650.77, 1603.52, 1503.24. 1H NMR (400 MHz, CDCl3): δ 0.02-0.25 (m, 2H), 0.43-0.59 (m, 2H), 
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0.90-1.04 (m, 1H), 1.36-1.64 (m, 3H), 1.71-1.90 (m, 1H), 2.47-2.56 (m, 1H), 2.63-2.72 (m, 2H), 2.93-3.13 (m, 
5H), 3.64 (d, J = 9.6 Hz, 1H), 3.86 (s, 3H), 4.67 (m, 0.4H), 5.11-5.21 (m, 0.6H), 5.24-5.31 (m, 0.4H), 5.45 (dd, 
J = 3.7, 9.6 Hz, 0.6H), 6.55-6.80 (m, 4H), 7.42 (s, 1H), 7.54-7.65 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 3.5, 
3.6, 11.5, 23.4, 28.4, 29.1, 30.5, 31.8, 41.2, 45.3, 53.7, 57.0, 61.8, 70.7, 85.3, 107.7, 115.7, 118.3, 121.8, 122.8, 







To a solution of D-2 (4.3 mg, 0.00928 mmol) in CH2Cl2 (1.0 mL), 2 M NaOH aq. (20.3 L, 0.0407 mmol) and 
acetyl chloride (1.45 L, 0.0203 mmol) were added, and the mixture was stirred at room temperature under Ar 
atmosphere for 1 hour. Acetyl chloride (0.96 L, 0.0139 mmol) was added and stirring continued until the 
reaction was completed. The reaction mixture was added H2O (2 mL), the mixture extracted with EtOAc (10, 
7, 4 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue was purified 
by preparative TLC (0.25 mm, CHCl3/MeOH/30% NH3 aq. 15/0.9/0.1) to give D-3 (4.4 mg, 94%) as a colorless 
oil. HR-MS (ESI): Calcd for C29H34N2O6Na [M+Na]+: 529.23146. Found: 529.22925. IR (NaCl, cm-1): 
3397.96, 2924.52, 1649.8, 1606.41, 1439.6. 1H NMR (400 MHz, CDCl3): δ -0.06–0.24 (m, 2H), 0.53–0.67 (m, 
2H), 0.82–0.98 (m, 1H), 1.40 (dd, J = 3.2, 12.8 Hz, 1H), 1.53 (td, J = 2.8, 13.3 Hz, 1H), 1.74 (dd, J = 1.8, 13.7 
Hz, 1H), 2.03–2.31 (m, 1H), 2.31 (s, 3H), 2.69 (dd, J = 6.0, 15.6 Hz, 1H), 2.98–3.13 (m, 3H), 3.13–3.33 (m, 
2H), 3.40–3.52 (m, 2H), 3.62–3.71 (m, 1H), 3.80–3.90 (m, 4H), 4.89–5.00 (m, 1H), 5.05–5.23 (m, 1H), 6.29–
6.89 (m, 4H), 7.36–7.61 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 0.1, 5.0, 6.1, 12.7, 22.4, 22.7, 28.6, 29.4, 
33.5, 44.6, 49.9, 57.1, 57.4, 70.6, 75.1, 85.7, 107.8, 116.1, 118.3, 120.6, 123.4, 123.6, 128.5, 132.2, 143.7, 







To a solution of D-2 (4.0 mg, 0.00861 mmol) in CH2Cl2 (1 mL), 2 M NaOH aq. (12.9 L, 0.0258 mmol) and 
benzoyl chloride (2.00 L, 0.0172 mmol) were added, and the mixture was stirred at room temperature under 
Ar atmosphere for 2.5 hour. Benzoyl chloride (0.50 L, 0.00431 mmol) was added and stirring continued until 
the reaction was completed. The reaction mixture was added H2O (2 mL), the mixture extracted with EtOAc 
(10, 7, 4 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue was 
purified by preparative TLC (0.25 mm, CHCl3/MeOH/30% NH3 aq. 15/0.9/0.1) to give D-4 (5.4 mg, quant.) 
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as a colorless oil. HR-MS (ESI): Calcd for C34H36N2O6Na [M+Na]+: 591.24711. Found: 591.24922. IR (NaCl, 
cm-1): 3397.96, 2924.52, 1648.84, 1608.34, 1445.39. 1H NMR (400 MHz, CDCl3): δ -0.50 – -0.02 (m, 2H), 
0.22–0.42 (m, 2H), 0.66–0.94 (m, 1H), 1.38–1.47 (m, 1H), 2.05–2.39 (m, 1H), 2.72–2.90 (m, 1H), 2.98–3.04 
(m, 3H), 3.19–3.38 (m, 2H), 3.38–3.75 (m, 4H), 3.80–3.87 (m, 3H), 4.35–5.15 (m, 1H), 5.10–5.30 (m, 1H), 
6.32–6.88 (m, 4H), 7.36–7.84 (m, 10H). 13C NMR (100 MHz, CDCl3): δ 0.1, 4.7, 5.5, 12.3, 22.9, 29.8, 34.1, 
45.2, 57.1, 70.7, 85.7, 107.9, 116.1, 118.2, 118.4, 119.9, 120.5, 123.5, 123.9, 126.7, 127.5, 128.3, 128.7, 128.8, 








To a solution of D-2 (5.1 mg, 0.0110 mmol) in CH2Cl2 (1 mL), 2 M NaOH aq. (16.5 L, 0.0329 mmol) and 
cyclopropanecarbonyl chloride (2.49 L, 0.0274 mmol) were added, and the mixture was stirred at room 
temperature under Ar atmosphere for 2 hours. The reaction mixture was added H2O (2 mL), the mixture 
extracted with EtOAc (10, 7, 4 mL). The combined organic extracts were dried over Na2SO4, and concentrated. 
The residue was purified by preparative TLC (0.25 mm, CH2Cl2/acetone 3/1) to give D-5 (4.0 mg, 68%) as a 
colorless oil. HR-MS (ESI): Calcd for C31H36N2O6Na [M+Na]+: 555.24711. Found: 555.24626. IR (NaCl, cm-
1): 3397.96, 3002.62, 1650.77, 1604.48, 1439.6. 1H NMR (400 MHz, CDCl3): δ -0.04–0.03 (m, 1H), 0.17–0.26 
(m, 1H), 0.50–0.67 (m, 2H), 0.78–0.96 (m, 2H), 0.99–1.18 (m, 3H), 1.33–1.42 (m, 1H), 1.45–1.73 (m, 1H), 
1.93–2.30 (m, 2H), 2.65–2.75 (m, 1H), 2.93–3.11 (m, 3H), 3.12–3.48 (m, 3H), 3.59–3.69 (m, 1H), 3.70–3.87 
(m, 4H), 3.98–4.11 (m, 1H), 4.86–4.97 (m, 1H), 5.04–5.22 (m, 1H), 6.29–6.87 (m, 4H), 7.34–7.60 (m, 3H). 
13C NMR (100 MHz, CDCl3): δ 0.1, 4.7, 6.5, 8.7, 10.0, 12.3, 13.1, 22.8, 28.6, 29.6, 33.6, 44.7, 48.9, 57.1, 57.1, 







To a solution of 11 (20.2 mg, 0.0801 mmol) in MeOH (3 mL), 2 M HCl aq. (3 mL) was added, and the mixture 
was stirred at 60 °C under Ar atmosphere for 3 hours. The reaction mixture was added sat. NaHCO3 aq. (7.5 
mL), the mixture extracted with CHCl3 (10, 10, 10 mL). The combined organic extracts were dried over 
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Na2SO4, and concentrated. The residue was purified by preparative TLC (0.25 mm, 
hexane/acetone/MeOH/30% NH3 aq. 5/2/0.09/0.01, 0.25 mm, hexane/acetone/MeOH/30% NH3 aq. 
1/1/0.09/0.01) to give 28 (14.4 mg, 91%) as a pale-yellow oil. HR-MS (ESI): Calcd for C20H21NO5Na 
[M+Na]+: 378.13174. Found: 378.13361. IR (NaCl, cm-1): 3459.67, 2931.27, 2249.56, 1747.19, 1509.03. 1H 
NMR (400 MHz, CDCl3): δ 0.26–0.40 (m, 2H), 0.51–0.69 (m, 2H), 0.97–1.08 (m, 1H), 1.68 (td, J = 2.3, 14.2 
Hz, 1H), 2.31–2.51 (m, 2H), 2.59 (dd, J = 10.1, 14.2 Hz, 1H), 2.94–3.06 (m, 2H), 3.23 (dd, J = 6.4, 14.2 Hz, 
1H), 3.53 (dd, J = 7.3, 14.7 Hz, 1H), 3.75 (dd, J = 6.4, 9.6 Hz, 1H), 3.90 (s, 3H), 4.16 (dd, J = 1.8, 10.1 Hz, 
1H), 5.32 (d, J = 10.5 Hz, 1H), 6.73 (d, J = 8.2 Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CDCl3): 










To a solution of 28 (14.4 mg, 0.0405 mmol) in MeOH (3 mL), MeNH2·HCl (27.1 mg, 0.405 mmol) and 
NaBH3CN (3.3 mg, 0.0486 mmol) were added, and the mixture was stirred at room temperature under Ar 
atmosphere for 23 hours. The reaction mixture was added sat. NaHCO3 aq. (1.5 mL), the mixture extracted 
with CHCl3 (3, 5, 5, 5 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The 
residue was purified by preparative TLC (0.5 mm, hexane/acetone/MeOH/30% NH3 aq. 1.5/1/0.09/0.01) to 
give 29 (6.1 mg, 41%) and 29’ (3.7 mg, 25%) as a white solid, respectively. 29: HR-MS (ESI): Calcd for 
C21H27N2O4 [M+H]+: 371.19708. Found: 371.19559. IR (NaCl, cm-1): 2942.84, 1746.23, 1508.06, 1442.49, 
1279.54. 1H NMR (400 MHz, CDCl3): δ 0.25–0.39 (m, 2H), 0.49–0.67 (m, 2H), 0.96–1.07 (m, 1H), 1.39 (td, 
J = 2.3, 14.2 Hz, 1H), 1.56 (q, J = 13.3 Hz, 1H), 1.80 (br, 1H), 2.14–2.21 (m, 1H), 2.44–2.57 (m, 2H), 2.49 (s, 
3H), 2.98 (dd, J = 6.9, 14.7 Hz, 1H), 3.20 (dd, J = 6.0, 14.7 Hz, 1H), 3.52 (dd, J = 6.9, 14.7 Hz, 1H), 3.71–
3.78 (m, 2H), 3.89 (s, 3H), 5.04 (dd, J = 8.2, 10.1 Hz, 1H), 6.70 (d, J = 8.2 Hz, 1H), 6.76 (d, J = 8.2 Hz, 1H). 
13C NMR (100 MHz, CDCl3): δ 2.7, 4.5, 9.5, 22.3, 31.2, 33.8, 36.3, 45.0, 47.1, 56.7, 62.0, 62.8, 81.5, 89.3, 
113.9, 119.4, 123.0, 126.3, 143.8, 145.0, 156.6. 29’: HR-MS (ESI): Calcd for C21H26N2O4Na [M+Na]+: 
393.17903. Found: 393.17810. IR (NaCl, cm-1): 2926.45, 1746.23, 1508.06, 1442.49, 1282.43. 1H NMR (400 
MHz, CDCl3): δ 0.24-0.37 (m, 2H), 0.48-0.66 (m, 2H), 0.95-1.07 (m, 1H), 1.41-1.56 (m, 2H), 1.78-1.92 (m, 
2H), 2.40 (s, 3H), 2.58 (dd, J = 9.2, 13.7 Hz, 1H), 2.95 (dd, J = 7.3, 14.7 Hz, 1H), 3.12-3.21 (m, 2H), 3.51 (dd, 
J = 7.3, 14.7 Hz, 1H), 3.64 (dd, J = 6.4, 9.6 Hz, 1H), 3.68 (d, J = 10.5 Hz, 1H), 3.88 (s, 3H), 5.45 (dd, J = 4.6, 
10.1 Hz, 1H), 6.67 (dd, J = 0.9, 7.8 Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 0.1, 2.8, 










To a solution of 29 (6.6 mg, 0.0178 mmol) in CH2Cl2 (1 mL), Et3N (7.4 µL, 0.0534 mmol) and trans-3-
furanacryloyl chloride (3.4 mg, 0.0219 mmol) were added, and the mixture was stirred at room temperature 
under Ar atmosphere for 30 minutes. The reaction mixture was added sat. NaHCO3 aq. (10 mL), the mixture 
extracted with CHCl3 (30, 20, 10 mL). The combined organic extracts were dried over Na2SO4, and 
concentrated. The residue was purified by preparative TLC (0.25 mm, CHCl3/MeOH/30% NH3 aq. 50/0.9/0.1) 
to give E-1 (6.7 mg, 77%) as a colorless oil. HR-MS (ESI): Calcd for C28H30N2O6Na [M+Na]+: 513.20016. 
Found: 513.20081. IR (NaCl, cm-1): 2934.16, 1745.26, 1652.7, 1607.38, 1508.06. 1H NMR (400 MHz, CDCl3): 
δ 0.25–0.40 (m, 2H), 0.50–0.69 (m, 2H), 0.97–1.08 (m, 1H), 1.55–1.71 (m, 2H) 1.94–2.27 (m, 2H), 2.51–2.65 
(m, 1H), 2.99 (dd, J = 7.3, 15.1 Hz, 1H), 3.01 (s, 1.5H), 3.16 (s, 1.5H), 3.19–3.29 (m, 1H), 3.48–3.57 (m, 1H), 
3.77–3.93 (m, 2H), 3.84 (s, 3H), 5.27 (t, J = 8.7 Hz, 0.6H), 5.36 (t, J = 9.2 Hz, 0.4H), 6.50–6.88 (m, 4.6H), 
7.46–7.68 (m, 3.4H). 13C NMR (100 MHz, CDCl3): δ 2.8, 4.6, 9.5, 21.7, 23.0, 31.2, 36.8, 45.6, 47.3, 56.7, 59.1, 








To a solution of SOCl2 (44.9 µL, 0.618 mmol) in CH2Cl2 (4 mL), 9 (67.7 mg, 0.206 mmol) and pyridine (100 
µL, 1.24 mmol) were added at 0 °C, and the mixture was stirred at room temperature under Ar atmosphere for 
2 hours. The reaction mixture was added sat. NaHCO3 aq. (10 mL), the mixture extracted with CHCl3 (30, 20, 
10 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue was purified 
by silica gel column chromatography (CHCl3/MeOH 100/0 to 100/3) to give 30 (62.3 mg) as a white solid and 
its precursor that was used in the next reaction without further purification.  
 
(8aS,8a1S,11aR)-6-(cyclopropylmethyl)-2-methoxy-5a,6,8a1,9,10,11a-hexahydrofuro[2',3',4',5':4,5]- 






To a solution of 30 (62.3 mg) in MeCN (2.0 mL), NaIO4 (66.0 mg, 0.309 mmol), H2O (2.0 mL) and 
RuCl3·nH2O (1.0 mg) were added, and the mixture was stirred at room temperature under Ar atmosphere for 
1 hour. The reaction mixture was added H2O (20 mL), the mixture extracted with EtOAc (30, 20, 10 mL). The 
combined organic extracts were dried over Na2SO4, and concentrated. The residue was purified by silica gel 
column chromatography (CHCl3/MeOH 100/0 to 100/3) to give 31 (54.7 mg, 68% in 2 steps) as a white solid. 
HR-MS (ESI): Calcd for C19H21NO6SNa [M+Na]+: 414.09873. Found: 414.09965. IR (NaCl, cm-1): 3448.1, 
1735.62, 1510.95, 1346.07, 1183.11. 1H NMR (400 MHz, CDCl3): δ 0.25–0.45 (m, 2H), 0.61–0.77 (m, 2H), 
1.12–1.23 (m, 1H), 1.73 (td, J = 3.2, 15.1 Hz, 1H), 2.44 (dt, J = 2.8, 15.1 Hz, 1H), 2.61 (dq, J = 3.2, 14.7 Hz, 
1H), 2.89 (td, J = 4.1, 15.1 Hz, 1H), 2.97 (dd, J = 7.8, 15.1 Hz, 1H), 3.04 (dd, J = 7.8, 14.2 Hz, 1H), 3.20 (dd, 
J = 6.4, 14.2 Hz, 1H), 3.24 (dd, J = 6.4, 14.2 Hz, 1H), 3.71 (t, J = 6.9 Hz, 1H), 3.90 (s, 3H), 4.42 (dd, J = 1.7, 
10.0 Hz, 1H), 5.31 (d, J = 10.1 Hz, 1H), 6.72 (d, J = 7.8 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H). 13C NMR (100 
MHz, CDCl3): δ 3.8, 5.3, 8.9, 31.1, 34.1, 34.8, 48.6, 51.5, 56.8, 64.5, 84.7, 87.1, 115.3, 120.4, 122.1, 123.7, 
143.7, 145.8, 204.2. 
 
(8aS,8a1S,11R,11aR)-6-(cyclopropylmethyl)-2-methoxy-11-(methylamino)-5,5a,6,8a1,9,10,11,11a- 
octahydrofuro[2',3',4',5':4,5]phenanthro[9,8a-d][1,2,3]oxathiazole 7,7-dioxide (32) 
 
 
To a solution of 31 (24.0 mg, 0.0613 mmol) in MeOH/1,2-dichloroethane (2/1, 3.0 mL), MeNH2·HCl (41.4 
mg, 0.613 mmol) and NaBH3CN (4.2 mg, 0.0674 mmol) were added, and the mixture was stirred at room 
temperature under Ar atmosphere for 15 hours. The reaction mixture was added sat. NaHCO3 aq. (20 mL), the 
mixture extracted with CHCl3 (30, 20, 10 mL). The combined organic extracts were dried over Na2SO4, and 
concentrated. The residue was purified by preparative TLC (0.25 mm, CHCl3/MeOH 20/1) to give 32 (7.0 mg, 
28%) as a white solid. HR-MS (ESI): Calcd for C20H27N2O5S [M+H]+: 407.16407. Found: 407.16388. IR 
(NaCl, cm-1): 3429.78, 1509.03, 1459.85, 1343.18, 1185.04. 1H NMR (400 MHz, CDCl3): δ 0.24–0.41 (m, 2H), 
0.58–0.73 (m, 2H), 1.11–1.20 (m, 1H), 1.39–1.57 (m, 2H), 1.80–1.87 (m, 1H), 2.03 (brs, 1H), 2.37–2.45 (m, 
2H), 2.47 (s, 3H), 2.98 (dd, J = 7.3, 16.1 Hz, 1H), 3.02 (dd, J = 7.8, 14.2 Hz, 1H), 3.15 (dd, J = 6.4, 15.6 Hz, 
1H), 3.20 (dd, J = 6.4, 14.2 Hz, 1H), 3.76 (t, J = 6.9 Hz, 1H), 3.89 (s, 3H), 4.03 (d, J = 9.2 Hz, 1H), 5.01 (t, J 
= 8.7 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 3.6, 5.1, 9.0, 










To a solution of the 32 (21.6 mg, 0.0531 mmol) in CH2Cl2 (1.0 mL), Et3N (22.2 µL, 0.159 mmol) and trans-
3-furanacryloyl chloride (10.0 mg, 0.0637 mmol) were added, and the mixture was stirred at room temperature 
under Ar atmosphere for 1 hour. The reaction mixture was added sat. NaHCO3 aq. (20 mL), the mixture 
extracted with CHCl3 (30, 20, 10 mL). The combined organic extracts were dried over Na2SO4, and 
concentrated. The residue was purified by silica gel column chromatography (CHCl3/MeOH 100/0 to 100/3) 
to give E-2 (25.4 mg, 91%) as a colorless oil. HR-MS (ESI): Calcd for C27H30N2O7SNa [M+Na]+: 549.16714. 
Found: 549.16598. IR (NaCl, cm-1): 2949.59, 1653.66, 1608.34, 1508.06, 1338.36. 1H NMR (400 MHz, 
CDCl3): δ 0.24–0.43 (m, 2H), 0.59–0.75 (m, 2H), 1.11–1.22 (m, 1H), 1.54–1.76 (m, 2H), 1.87–2.13 (m, 1H), 
2.39 (td, J = 3.9, 15.1 Hz, 1H), 2.97–3.08 (m, 2H), 3.02 (s, 1.5 H), 3.17 (s, 1.5H), 3.19–3.28 (m, 2H), 3.79–
3.89 (m, 4.5H), 4.16 (t, J = 8.2 Hz, 1H), 4.55 (t, J = 9.6 Hz, 0.5H), 5.25 (t, J = 8.7 Hz, 0.5H), 5.36 (t, J = 9.1 
Hz, 0.5H), 6.40–6.92 (m, 4H), 7.36–7.65 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 3.6, 5.3, 8.8, 21.8, 23.1, 
28.5, 30.0, 33.9, 44.9, 51.1, 56.8, 57.7, 64.2, 83.2, 84.4, 88.0, 107.6, 115.5, 118.4, 120.5, 123.3, 125.2, 132.5, 







To a solution of 15 (150 mg, 0.455 mmol) in CH2Cl2 (3 mL), Boc2O (250 µL, 1.09 mmol), Et3N (154 µL, 1.82 
mmol) were added, and the mixture was stirred at room temperature under Ar atmosphere for 18 hours. The 
reaction mixture was added sat. NaHCO3 aq. (20 mL), the mixture extracted with CHCl3 (30, 20, 10, mL). The 
combined organic extracts were dried over Na2SO4, and concentrated. The residue was purified by silica gel 
column chromatography (hexane/EtOAc 4/1 to 1/2) to give 33 (66.7 mg, 19%) as a white amorphous. HR-MS 
(ESI): Calcd for C24H31NO5Na [M+Na]+: 436.20999. Found: 436.20879. IR (NaCl, cm-1): 2973.7, 1730.8, 
1682.59, 1609.31, 1506.13. 1H NMR (400 MHz, CDCl3): δ 0.05-0.19 (m, 2H), 0.43-0.52 (m, 2H), 1.01 (m, 
1H), 1.29 (brs, 1H), 1.46-1.57 (m, 1H), 1.51 (s, 9H), 2.08 (dqd, J = 0.9, 1.4, 4.3, 13.3 Hz, 1H), 2.36-2.41 (m, 
2H), 2.70 (brs, 1H), 2.83 (brs, 1H), 2.85 (dd, J = 6.9, 16.9 Hz, 1H), 3.03 (dd, J = 4.6, 16.9 Hz, 1H), 3.27 (dd, 
J = 6.0, 14.7 Hz, 1H), 3.91 (s, 3H), 4.03 (t, J = 7.8 Hz, 1H), 9.2 (d, J = 9.2 Hz, 1H), 6.64 (d, J = 8.2 Hz, 1H), 
6.72 (d, J = 8.1 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 4.2, 4.8, 12.1, 27.6, 28.7, 37.6, 39.1, 41.8, 50.0, 56.5, 











To a solution of 33 (52.0 mg, 0.126 mmol) in MeOH/CH2Cl2 (1/1; 2 mL), MeNH2·HCl (85.1 mg, 1.26 mmol) 
and NaBH3CN (8.7 mg, 0.139 mmol) were added, and the mixture was stirred at room temperature under Ar 
atmosphere for 30 hours. The reaction mixture was added sat. NaHCO3 aq. (20 mL), the mixture extracted 
with CHCl3 (30, 20, 10 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The 
residue was purified by preparative TLC (0.5 mm, hexane/EtOAc, MeOH/30% NH3 aq. 2/1/0.09/0.01) to give 
34 (20.9 mg, 39%) as a colorless oil and 34’ (17.8 mg, 33%) as a pale pink oil, respectively. 34: HR-MS (ESI): 
Calcd for C25H37N2O4 [M+H]+: 429.27533. Found: 429.27356. IR (NaCl, cm-1): 2934.16, 1685.48, 1504.2, 
1452.14, 1365.35. 1H NMR (400 MHz, CDCl3): δ 0.02–0.23 (m, 2H), 0.40–0.52 (m, 2H), 0.85–1.07 (m, 3H), 
1.49 (s, 9H), 1.83 (d, J = 3.6 Hz, 2H), 2.10 (brs, 1H), 2.26–2.39 (m, 2H), 2.41 (s, 3H), 2.58 (brs, 1H), 2.90 (dd, 
J = 6.4, 16.9 Hz, 1H), 2.98 (d, J = 16.9 Hz, 1H), 3.27 (dd, J = 3.7, 13.7 Hz, 1H), 3.52 (t, J = 7.3 Hz, 1H), 3.88 
(s, 3H), 4.18 (brs, 1H), 4.75 (t, J = 8.2 Hz, 1H), 6.63 (d, J = 8.2 Hz, 1H), 6.73 (d, J = 8.2 Hz, 1H). 13C NMR 
(100 MHz, CDCl3): δ 0.1, 4.0, 4.8, 12.1, 26.5, 27.1, 28.7, 34.0, 37.9, 40.9, 55.6, 56.6, 60.9, 79.8, 91.4, 112.3, 
113.5, 119.4, 125.3, 128.2, 143.2, 145.3, 155.6. 34’: HR-MS (ESI): Calcd for C25H37N2O4 [M+H]+: 429.27533. 
Found: 429.27412. IR (NaCl, cm-1): 2938.02, 1686.44, 1608.34, 1506.13, 1454.06. 1H NMR (400 MHz, 
CD3OD): δ 0.20-0.27 (m, 2H), 0.47-0.57 (m, 2H), 0.83 (brs, 1H), 1.08 (q, J = 6.9 Hz, 1H), 1.25-1.40 (m, 1H), 
1.51 (s, 9H), 1.64-1.76 (m, 2H), 2.41 (brs, 1H), 2.41 (s, 3H), 2.74-2.88 (m, 2H), 3.01 (dd, J = 9.2, 14.7 Hz, 
1H), 3.10 (brs, 1H), 3.20 (dd, J = 6.9, 14.7 Hz, 1H), 3.83-3.85  (m, 3H), 3.97 (brs, 1H), 5.33 (brdd, J = 1.8, 
10.1 Hz, 1H), 6.63 (d, J = 7.8 Hz, 1H), 6.74 (d, J = 7.8 Hz, 1H). 13C NMR (100 MHz, CD3OD): δ 4.4, 4.6, 








To a solution of 34 in CH2Cl2 (1.0 mL), Et3N (18.5 µL, 0.133 mmol) and trans-3-furanacryloyl chloride (8.3 
mg, 0.0532 mmol) were added, and the mixture was stirred at room temperature under Ar atmosphere for 1 
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hour. The reaction mixture was added sat. NaHCO3 aq. (10 mL), the mixture extracted with CHCl3 (20, 10, 5 
mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue was purified by 
preparative TLC (0.5 mm, hexane/EtOAc 1/1) to give F-1 (21.6 mg, 89%) as a colorless oil. HR-MS (ESI): 
Calcd for C32H40N2O6Na [M+Na]+: 571.27841. Found: 571.27941. IR (NaCl, cm-1): 2979.48, 1680.66, 1653.66, 
1607.38, 1405.85. 1H NMR (400 MHz, CDCl3): δ 0.02–0.17 (m, 2H), 0.40–0.52 (m, 2H), 0.95–1.20 (m, 2H), 
1.50 (s, 9H), 1.54–1.62 (m, 2H), 1.64–1.92 (m, 1H), 2.44 (brs, 1H), 2.59 (brs, 1H), 2.88–3.04 (m, 4H), 3.12 (s, 
1H), 3.31 (brs, 1H), 3.61 (t, J = 7.3 Hz, 1H), 3.68 (q, J = 8.2 Hz, 1H), 3.81 (s, 2H), 3.85 (s, 1H), 4.24 (brs, 1H), 
4.98 (t, J = 8.2 Hz, 0.75H), 5.30 (brs, 0.25H), 6.35–6.86 (m, 4H), 7.35–7.68 (m, 3H). 13C NMR (100 MHz, 
CDCl3): δ 0.1, 4.1, 4.9, 12.2, 14.3, 27.3, 28.4, 28.7, 31.7, 38.3, 38.5, 56.9, 57.6, 80.0, 86.0, 107.6, 107.9, 115.1, 







To a solution of F-1 (20.2 mg, 0.0368 mmol) in MeOH (2.0 mL), 2 M HCl aq. (2.0 mL) was added, and the 
mixture was stirred at room temperature under Ar atmosphere for 16 hours amd 60 ºC for 3 hours. The reaction 
mixture was added sat. NaHCO3 aq. (20 mL), the mixture extracted with CHCl3 (30, 20, 10 mL). The combined 
organic extracts were dried over Na2SO4, and concentrated. The residue was purified by preparative TLC (0.25 
mm, CHCl3/MeOH 20/1) to give F-2 (10.7 mg, 65%) as a colorless oil. HR-MS (ESI): Calcd for C27H33N2O4 
[M+H]+: 449.24403. Found: 449.24187. IR (NaCl, cm-1): 2931.27, 1652.7, 1606.41, 1502.28, 1438.64. 1H 
NMR (400 MHz, CDCl3): δ 0.06–0.19 (m, 2H), 0.43–0.54 (m, 2H), 0.90–1.01 (m, 1H), 1.06–1.20 (m, 1H), 
1.51–1.85 (m, 4H), 2.28–2.38 (m, 1H), 2.51–2.64 (m, 2H), 2.73 (s, 2H), 2.96 (s, 2.3H), 3.12 (s, 0.7H), 3.12–
3.17 (m, 1H), 3.62–3.77 (m, 2H), 3.80 (s, 2.2H), 3.83 (s, 0.8H), 4.93 (t, J = 8.2 Hz, 0.75H), 5.28 (t, J = 8.4 Hz, 
0.25H), 6.32–6.84 (m, 4H), 7.35–7.63 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 0.1, 3.6, 3.6, 11.4, 25.0, 27.7, 
28.2, 28.4, 36.0, 37.1, 52.9, 56.5, 57.2, 85.9, 107.9, 115.4, 118.5, 121.7, 123.4, 124.4, 127.3, 132.1, 143.3, 







To a solution of 14 (302 mg, 0.845 mmol) in AcOH (10 mL), paraformaldehyde (253 mg, 8.45 mmol) and 
NaBH3CN (106 mg, 1.69 mmol) were added at 0 °C, and the mixture was stirred at room temperature under 
Ar atmosphere for 3 hours. NaBH3CN (106 mg, 1.69 mmol) was added and stirring continued until the reaction 
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was completed. The reaction mixture was added sat. NaHCO3 aq. (50 mL) and K2CO3, the mixture extracted 
with CHCl3 (50, 40, 30 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The 
residue was purified by silica gel column chromatography (CHCl3/EtOAc 100/3 to 100/6) to give 35 (299 mg, 
95%) as a white solid. HR-MS (ESI): Calcd for C22H30NO4 [M+H]+: 372.21748. Found: 372.21822. IR (KBr, 
cm-1): 3448.1, 2938.02, 1638.23, 1509.03, 1458.89. 1H NMR (400 MHz, CDCl3): δ 0.07–0.14 (m, 2H), 0.47–
0.54 (m, 2H), 0.79–0.91 (m, 1H), 1.27 (qd, J = 2.8, 13.3 Hz, 1H), 1.52 (td, J = 2.8, 13.3 Hz, 1H), 1.61–1.76 
(m, 2H), 2.30–2.47 (m, 3H), 2.42 (s, 3H), 2.63–2.78 (m, 2H), 2.87–2.93 (m, 1H), 3.71 (t, J = 8.2 Hz, 1H), 
3.78–3.91 (m, 2H), 3.86 (s, 3H), 4.01 (q, J = 6.4 Hz, 1H), 4.18–4.25 (m, 1H), 4.91 (d, J = 9.2 Hz, 1H), 6.61 
(d, J = 8.2 Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 4.0, 4.1, 9.8, 25.4, 25.8, 32.8, 







To a solution of 35 (52.2 mg, 0.141 mmol) in 2 M HCl aq. (3 mL) was added, and the mixture was stirred at 
60 ºC for 4 hours. The reaction mixture was added sat. NaHCO3 aq. (20 mL), the mixture extracted with CHCl3 
(30, 20, 10 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue was 
purified by silica gel column chromatography (hexane/EtOAc 100/0 to 0/100) to give 36 (15.3 mg, 33%) as a 
colorless oil. HR-MS (ESI): Calcd for C20H25NO3Na [M+Na]+: 350.17321. Found: 350.17196. IR (NaCl, cm-
1): 2932.23, 1729.83, 1608.34, 1504.2, 1440.56. 1H NMR (400 MHz, CDCl3): δ 0.07–0.18 (m, 2H), 0.47–0.58 
(m, 2H), 0.81–0.91 (m, 1H), 1.30–1.43 (m, 1H), 1.93–2.02 (dq, J = 1.4, 4.6 Hz, 1H), 2.38 (d, J = 4.1 Hz, 1H), 
2.40 (dd, J = 2.8, 4.6 Hz, 1H), 2.43–2.51 (m, 2H), 2.45 (s, 3H), 2.64–2.81 (m, 3H), 2.93 (q, J = 5.5 Hz, 1H), 
3.90 (s, 3H), 4.07 (t, J = 8.2 Hz, 1H), 5.08 (d, J = 9.8 Hz, 1H), 6.63 (d, J = 8.2 Hz, 1H), 6.69 (d, J = 7.8 Hz, 
1H). 13C NMR (100 MHz, CDCl3): δ 4.0, 4.1, 9.5, 25.2, 28.0, 35.4, 39.4, 42.2, 56.9, 59.8, 63.4, 87.1, 114.5, 









According to the synthetic protocol of 34, 36 (26.2 mg, 0.0800 mmol) was converted to 37 (11.1 mg, 41%) 
and 37’ (5.0 mg, 18%) as a colorless oil, respectively. 37: HR-MS (ESI): Calcd for C21H31N2O2 [M+H]+: 
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343.23855. Found: 343.23761. IR (NaCl, cm-1): 3322.75, 2935.13, 1503.24, 1445.39, 1277.61. 1H NMR (400 
MHz, CDCl3): δ 0.04–0.15 (m, 2H), 0.45–0.55 (m, 2H), 0.79–0.90 (m, 1H), 0.90–1.10 (m, 2H), 1.66–1.74 (m, 
1H), 1.82–1.89 (m, 1H), 1.97 (brs, 1H), 2.31 (ddd, J = 3.7, 8.2, 11.9 Hz, 1H), 2.36–2.50 (m, 3H), 2.42 (s, 6H), 
2.75 (d, J = 5.5 Hz, 2H), 2.94 (q, J = 3.2 Hz, 1H), 3.59 (t, J = 7.8 Hz, 1H), 3.87 (s, 3H), 4.73 (t, J = 8.2 Hz, 
1H), 6.62 (d, J = 7.8 Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 4.1, 4.1, 9.5, 25.5, 27.0, 
34.1, 35.5, 38.7, 39.5, 56.8, 59.7, 61.0, 64.1, 91.6, 113.5, 119.6, 125.8, 128.5, 143.1, 145.5. 37’: HR-MS (ESI): 
Calcd for C21H31N2O2 [M+H]+: 343.23855. Found: 343.23695. IR (NaCl, cm-1): 3332.39, 2938.02, 1637.27, 
1607.38, 1505.17. 1H NMR (400 MHz, CDCl3): δ 0.07-0.16 (m, 2H), 0.46-0.57 (m, 2H), 0.76-0.92 (m, 2H), 
1.21-1.39 (m, 2H), 1.50-1.67 (m, 2H), 2.24-2.33 (m, 1H), 2.34-2.48 (m, 5H), 2.43 (s, 3H), 2.57 (dd, J = 8.7, 
13.7 Hz, 1H), 2.63-2.69 (m, 1H), 2.74 (dd, J = 6.0, 13.7 Hz, 1H), 2.85 (dt, J = 4.6, 9.2 Hz, 1H), 3.59 (dd, J = 
6.9, 10.1 Hz, 1H), 3.86 (s, 3H), 5.34 (dd, J = 3.7, 10.1 Hz, 1H), 6.61 (d, J = 8.2 Hz, 1H), 6.68 (d, J = 7.8 Hz, 
1H). 13C NMR (100 MHz, CDCl3): δ 4.1, 4.2, 10.0, 23.2, 25.1, 26.7, 31.8, 33.9, 38.7, 40.0, 55.6, 56.5, 59.6, 







According to the synthetic protocol of F-1, 37 (11.1 mg, 0.0324 mmol) was converted to F-3 (14.1 mg, 94%) 
as a colorless oil. HR-MS (ESI): Calcd for C28H35N2O4 [M+H]+: 463.25968. Found: 463.25789. IR (NaCl, cm-
1): 2933.2, 1652.7, 1606.41, 1503.24, 1440.56. 1H NMR (400 MHz, CDCl3): δ 0.04–0.15 (m, 2H), 0.44–0.57 
(m, 2H), 0.78–0.90 (m, 1H), 1.05–1.18 (m, 1H), 1.51–1.63 (m, 2H), 1.65–1.76 (m, 1H), 2.35–2.50 (m, 3H), 
2.41 (s, 3H), 2.73 (dd, J = 6.0, 17.9 Hz, 1H), 2.85 (dd, J = 2.8, 17.4 Hz, 1H), 2.95 (s, 3H), 3.12 (s, 1H), 3.61–
3.73 (m, 2H), 3.79 (s, 2H), 3.82 (s, 1H), 4.93 (t, J = 8.2 Hz, 0.75H), 5.30 (t, J = 8.7 Hz, 0.25H), 6.35–6.82 (m, 
4H), 7.33–7.61 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 0.1, 3.9, 4.1, 9.3, 25.4, 27.1, 27.6, 28.4, 35.0, 38.7, 








To a solution of 35 (243 mg, 0.653 mmol) in 1,1,2,2,-tetrachloroethane (12 mL), K2CO3 (813 mg, 5.88 mmol) 
and 2,2,2-trichloroethyl chloroformate (788 L, 5.88 mmol) were added, and the mixture was refluxed at 150 
ºC under Ar atmosphere for 2 hours. The reaction mixture was added H2O (10 mL), the mixture extracted with 
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CH2Cl2 (30, 20, 10 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue 
was purified by silica gel column chromatography (hexane/EtOAc 4/1) to give 38 (233 mg, 72%) as a white 
solid. HR-MS (ESI): Calcd for C21H2435Cl237ClNO6Na [M+Na]+: 516.05374. Found: 516.05250. IR (NaCl, cm-
1): 2949.59, 1711.51, 1503.24, 1449.24, 1139.72. 1H NMR (400 MHz, CDCl3): δ 1.23 (qd, J = 2.3, 13.3 Hz, 
1H), 1.42–1.54 (m, 1H), 1.59 (s, 1H), 1.60–1.77 (m, 2H), 2.37–2.56 (m, 1H), 2.76–2.86 (m, 1H), 2.83–2.90 
(m, 3H), 2.92–3.02 (m, 1H) 3.64 (t, J = 7.8 Hz, 1H), 3.78 (td, J = 5.0, 6.4 Hz, 1H), 3.82–3.88 (m, 1H), 3.88 (s, 
3H), 3.98 (q, J = 6.4 Hz, 1H), 4.20 (q, J = 6.9 Hz, 1H), 4.40 (dt, J = 6.9, 2.8 Hz, 1H), 4.77 (s, 1H), 4.91 (d, J 
= 9.2 Hz, 1H), 6.66 (d, J = 8.2 Hz, 1H), 6.77 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 23.6, 26.2, 








To a solution of 38 (233 mg, 0.473 mmol) in DMSO (15 mL), 6 M NaOH aq. (13.4 mL, 8.05 mmol) was added, 
and the mixture was stirred at 100 °C under Ar atmosphere for 3 hours. DMSO (10 mL) was then added and 
stirring continued until the reaction was completed. The reaction mixture was added sat. NH4Cl aq. (15 mL), 
the mixture extracted with CH2Cl2/iPrOH 3/1 (50, 30, 20 mL). The combined organic extracts were dried over 
Na2SO4, and concentrated. The residue was purified by silica gel column chromatography 
(CH2Cl2/MeOH/30% NH3 aq. 20/0.9/0.1) to give 39 (143 mg, 95%) as a white solid. HR-MS (ESI): Calcd for 
C18H23NO4Na [M+Na]+: 340.15248. Found: 340.15136. IR (NaCl, cm-1): 3328.53, 2894.63, 1610.27, 1503.24, 
1438.64. 1H NMR (400 MHz, CDCl3): δ 1.23 (qd, J = 2.8, 13.3 Hz, 1H), 1.46–1.58 (m, 2H), 1.62–1.68 (m, 
1H), 2.23–2.31 (m, 1H), 2.50 (s, 3H), 2.67–2.71 (m, 2H), 2.94 (q, J = 3.2 Hz, 1H), 3.71 (t, J = 7.3 Hz, 1H), 
3.76 (td, J = 6.4, 5.0 Hz, 1H), 3.82–3.89 (m, 1H), 3.86 (s, 3H), 3.96 (q, J = 6.4 Hz, 1H), 4.20 (td, J = 6.9, 5.0 
Hz, 1H), 4.86 (d, J = 8.7 Hz, 1H), 6.61 (d, J = 8.2 Hz, 1H), 6.73 (d, J = 8.2 Hz, 1H). 13C NMR (100 MHz, 








To a solution of 39 (93 mg, 0.293 mmol) in CH2Cl2 (9 mL), 2 M NaOH aq. (440 L, 0.879 mmol) and 
benzenesulfonyl chloride (55.6 L, 0.440 mmol) were added, and the mixture was stirred at room temperature 
52 
 
under Ar atmosphere for 17 hours. The reaction mixture was added H2O (20 mL), the mixture extracted with 
EtOAc (30, 20, 10 mL). The combined organic extracts were dried over Na2SO4, and concentrated. The residue 
was purified by silica gel column chromatography (hexane/EtOAc 11.5/1 to 3/1) to give 40 (107 mg, 80%) as 
a colorless oil. HR-MS (ESI): Calcd for C24H27NO6SNa [M+Na]+: 480.14568. Found: 480.14342. IR (NaCl, 
cm-1): 2950.55, 1504.2, 1446.35, 1332.57, 1159.01. 1H NMR (400 MHz, CDCl3): δ 1.21 (qd, J = 2.8, 13.3 Hz, 
1H), 1.49 (td, J = 13.3, 2.8 Hz, 1H), 1.63 (dt, J = 13.3, 3.7 Hz, 1H), 1.72–1.80 (m, 1H), 2.34 (dd, J = 3.7, 17.4 
Hz, 1H), 2.44–2.53 (m, 1H), 2.62 (dd, J = 17.4, 6.4Hz, 1H), 2.73 (s, 3H), 3.72 (t, J = 7.8 Hz, 1H), 3.78 (td, J 
= 6.4, 4.6 Hz, 1H), 3.82–3.89 (m, 1H), 3.86 (s, 3H), 3.96 (q, J = 6.4 Hz, 1H), 4.13–4.23 (m, 2H), 4.92 (d, J = 
9.2 Hz, 1H), 6.48 (d, J = 8.2 Hz, 1H), 6.71 (d, J = 8.2 Hz, 1H), 7.52–7.65 (m, 3H), 7.81–7.86 (m, 2H). 13C 
NMR (100 MHz, CDCl3): δ 23.9, 25.7, 31.5, 32.5, 38.5, 39.1, 56.9, 57.9, 65.1, 66.6, 89.8, 108.0, 114.3, 119.3, 







To a solution of 40 in 1 M HCl aq. (3.0 mL) was stirred at 80 ºC under Ar atmosphere for 30 minutes. MeOH 
(10 mL) was then added and stirring continued until the reaction was completed. The reaction mixture was 
concentrated, and the residue was purified by silica gel column chromatography (hexane/EtOAc 9/1 to 3/7, 
CHCl3/EtOAc 100/0 to 100/1.5, hexane/EtOAc 20/1) to give 41 (75 mg, 81%) as a colorless oil. HR-MS (ESI): 
Calcd for C22H23NO5SNa [M+Na]+: 436.11946. Found: 436.11865. IR (NaCl, cm-1): 2933.2, 1729.83, 1608.34, 
1505.17, 1446.35. 1H NMR (400 MHz, CDCl3): δ 1.28–1.39 (m, 1H), 2.08 (dqd, J = 1.4, 1.6, 13.3 Hz, 1H), 
2.35–2.43 (m, 3H), 2.57 (dd, J = 17.4, 6.4 Hz, 1H), 2.73 (s, 3H), 2.87–2.95 (m, 1H), 3.90 (s, 3H), 4.07 (dd, J 
= 7.3, 6.4 Hz, 1H), 4.18 (dt, J = 3.7, 6.4 Hz, 1H), 5.12 (d, J = 9.2 Hz, 1H), 6.50 (d, J = 8.2 Hz, 1H), 6.68 (d, J 
= 8.2 Hz, 1H), 7.54–7.67 (m, 3H), 7.81–7.86 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 25.5, 26.2, 31.4, 38.6, 









To a solution of 41 (72 mg, 0.174 mmol) in MeOH/CH2Cl2 (3/2; 20 mL), MeNH2·HCl (118 mg, 1.74 mmol) 
and NaBH3CN (12 mg, 0.192 mmol) were added, and the mixture was stirred at room temperature under Ar 
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atmosphere for 23 hours. The reaction mixture was added sat. NaHCO3 aq. (20 mL) and brine (5 mL), the 
mixture extracted with CH2Cl2 (20, 15, 10 mL). The combined organic extracts were dried over Na2SO4, and 
concentrated. The residue was purified by silica gel column chromatography (hexane/EtOH/MeOH/30% NH3 
aq. 1/1/0.09/0.01) and preparative TLC (0.5 mm, hexane/EtOH/MeOH/30% NH3 aq. 1/1/0.09/0.01) to give 42 
(23 mg, 31%) and 42’ (32 mg, 43%) as a colorless oil, respectively. 42: HR-MS (ESI): Calcd for 
C23H28N2O4SNa [M+Na]+: 451.16675. Found: 451.16669. IR (NaCl, cm-1): 2943.8, 1506.13, 1446.35, 1336.43, 
1159.01. 1H NMR (400 MHz, CDCl3): δ 1.02–1.15 (m, 1H), 1.33–1.59 (m, 3H), 2.23–2.31 (m, 1H), 2.32 (s, 
3H), 2.45 (d, J = 7.3 Hz, 2H), 2.80–2.89 (m, 1H), 2.83 (s, 3H), 3.62 (dd, J = 7.8, 9.2 Hz, 1H), 3.85 (s, 3H), 
3.89 (td, J = 4.6, 6.9 Hz, 1H), 5.25 (dd, J = 4.6, 10.1 Hz, 1H), 6.48 (d, J = 8.2 Hz, 1H), 6.66 (d, J = 8.2 Hz, 
1H), 7.51–7.64 (m, 3H), 7.80–7.87 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 22.1, 23.3, 28.0, 30.7, 34.1, 35.6, 
38.1, 55.8, 56.5, 60.5, 85.2, 113.1, 119.1, 125.1, 127.2, 128.7, 129.3, 132.7, 139.8, 142.3, 146.6. 42’: HR-MS 
(ESI): Calcd for C23H28N2O4SNa [M+Na]+: 451.16675. Found: 451.16704. IR (NaCl, cm-1): 3584.06, 2939.95, 
1505.17, 1445.39, 1332.57. 1H NMR (400 MHz, CDCl3): δ 0.82-1.07 (m, 2H), 1.76-1.86 (m, 2H), 2.26 (ddd, 
J = 3.7, 8.2, 7.8 Hz, 1H), 2.34 (dd, J = 3.2, 17.9 Hz, 1H), 2.40 (s, 3H), 2.45-2.54 (m, 1H), 2.68 (dd, J = 6.4, 
17.4 Hz, 1H), 2.70 (s, 3H), 3.58 (t, J = 7.8 Hz, 1H), 3.87 (s, 3H), 4.20 (quin., J = 3.2 Hz, 1H), 4.73 (t, J = 7.8 
Hz, 1H), 6.50 (d, J = 8.2 Hz, 1H), 6.69 (d, J = 8.2 Hz, 1H), 7.52-7.66 (m, 3H), 7.81-7.87 (m, 2H). 13C NMR 
(100 MHz, CDCl3): δ 25.4, 25.5, 26.6, 31.6, 34.1, 37.8, 40.4, 56.9, 57.5, 60.5, 91.6, 114.3, 119.5, 123.8, 127.2, 







According to the synthetic protocol of F-1, 42 (3.5 mg, 0.00817 mmol) was converted to F-4 (4.0 mg, 89%) 
as a colorless oil. HR-MS (ESI): Calcd for C30H32N2O6SNa [M+Na]+: 571.18788. Found: 571.18634. IR (NaCl, 
cm-1): 2933.2, 1651.73, 1604.48, 1446.35, 1336.43. 1H NMR (400 MHz, CDCl3): δ 0.81–1.16 (m, 2H), 1.35–
1.45 (m, 1H), 1.69–1.68 (m, 1H), 2.19–2.28 (m, 1H), 2.56 (d, J = 7.8 Hz, 2H), 2.90 (s, 3H), 3.14 (s, 3H), 3.64 
(s, 1H), 3.71 (dd, J = 6.4, 10.1 Hz, 1H), 3.78 (td, J = 3.2, 7.8 Hz, 1H), 3.86 (s, 3H), 4.82 (ddd, J = 3.7, 5.0, 
12.8 Hz, 1H), 5.31 (dd, J = 2.3, 10.1 Hz, 1H), 6.53 (d, J = 8.2 Hz, 1H), 6.60 (s, 1H), 6.63 (d, J = 15.1 Hz, 1H), 
6.70 (d, J = 8.2 Hz, 1H), 7.43 (s, 1H), 7.52–7.66 (m, 6H), 7.81–7.85 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 
19.2, 25.7, 29.1, 30.3, 32.3, 32.9, 40.9, 50.5, 56.8, 60.3, 70.7, 86.1, 107.6, 113.9, 117.7, 119.0, 123.3, 126.1, 
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